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SIR: This is a request for filing a 

is Continuation □ Divisional Application under 37 C.F.R. § 1 .53(b) of pending prior 
application Serial No. 08/362,495 filed November 18, 1996 of Toomas Neuman. et al- 
ter METHOD FOR INDUCING DNA SYNTHESIS IN NEURONS . 

1 . a Enclosed is a complete copy of the Declaration as originally filed in prior 

application Serial No.08/362.495 on November 18, 1996 . 

2. ei Enclosed is a substitute specification under 37 C.F.R. § 1 .125. I 

hereby verify that the attached substitute specification is identical to 
the substitute specification to be filed on September 16, 1999, in 
the prior application Serial No.08/362.495 . 

3. h Cancel Claims 1-5. 9-13. and 17-18 . 

4. □ A Preliminary Amendment is enclosed. 

5. h The filing fee is calculated on the basis of the claims existing in the prior 

application as amended at 3 and 4 above. 




For 


Number Filed : Number Extra 


Rate : 


Basic Fee S760.00 


Total 
Claims 


21 -20= 1 


x$ 18.00= 


$ 18.00 


Independent 
Claims 


2-3= : 0 


x$ 78.00= 


$ 0 


MultiDle DeDendent Claim(s) (if aDDlicable) 


+$260.00= 




Total 


: $ 778.00 


Reduction by 14 for 
filina bv small entity 
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TOTAL FILING FEE 



$ 778.00 



6. h 



7. EI 



We enclose check number, 
filing fee. 



in the amount of $ 778.00 to cover the 



8. 



The Commissioner is hereby authorized to charge any fees which may be 
required including fees due under 37 C.F.R. § 1.16 and any other fees 
due under 37 C.F.R. § 1.17, or credit any overpayment during the 
pendency of this application to Deposit Account No. 06-0916. 

Amend the specification by replacing the first paragraph with the following: 



--This is a continuation of U.S. Patent Application Serial No. 08/362.495 . filed 
November 18. 1996 . (National Stage of International Application No. PCT/US94/14614, 
filed December 19, 1994), which is a continuation-in-part of U.S. Patent Application 
Serial No. 08/301,416, filed September 8, 1994, which is a continuation-in-part of U.S. 
Patent Application Serial No. 08/169,522, filed December 17, 1993, each of which is 
being relied upon and is incorporated herein by reference.-- 

9. ia Since applicants intend the present continuation application to have the 
same disclosure as parent application Serial No. 08/362,495, that 
application has been incorporated by reference into this application in an 
abundance of caution in the event that any of the disclosure of Serial No. 
08/362,495 is inadvertently omitted in this submission. That incorporation 
by reference should not necessitate a new oath or declaration, since the 
declaration (a copy of which is enclosed) already was executed for the 
disclosure of Serial No. 08/362,495. 

9. □ New formal drawings are enclosed. 

1 0. h The prior application is assigned of record to: Spinal Cord Society 



11. 



12. □ 



Priority of application Serial No. , filed on 

in (country) is claimed under 35 U.S.C. § 1 19. A 

certified copy 

□ is enclosed or □ is on file in the prior application. 
A verified statement claiming small entity status 
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□ is enclosed or □ is on file in the prior application. 

The power of attorney in the prior application is to at least one of the 
following: FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, 
LLP., Douglas B. Henderson, Reg. No. 20,291; Ford F. Farabow, Jr., 
Reg. No. 20,630; Arthur S. Garrett, Reg. No. 20,338; Donald R. Dunner, 
Reg. No. 19,073; Brian G. Brunsvold, Reg. No. 22,593; Tipton D. 
Jennings, IV, Reg. No. 20,645; Jerry D. Voight, Reg. No. 23,020; 
Laurence R. Hefter, Reg. No. 20,827; Kenneth E. Payne, Reg. No. 23,098; 
Herbert H. Mintz, Reg. No. 26,691; C. Larry O'Rourke, Reg. No. 26,014; 
Albert J. Santorelli, Reg. No. 22,610; Michael C. Elmer, Reg. No. 25,857; 
Richard H. Smith, Reg. No. 20,609; Stephen L. Peterson, Reg. No. 26,325; 
John M. Romany, Reg. No. 26,331 ; Bruce C. Zotter, Reg. No. 27,680; 
Dennis P. O'Reilley, Reg. No. 27,932; Allen M. Sokal, Reg. No. 26,695; 
Robert D. Bajefsky, Reg. No. 25,387; Richard L. Stroup, Reg. No. 28,478; 
David W. Hill, Reg. No. 28,220; Thomas L. Irving, Reg. No. 28,619; 
Charles E. Lipsey, Reg. No. 28,165; Thomas W. Winland, Reg. 
No. 27,605; Basil J. Lewris, Reg. No. 28,818; Martin I. Fuchs, Reg. 
No. 28,508; E. Robert Yoches, Reg. No. 30,120; Barry W. Graham, Reg. 
No. 29,924; Susan Haberman Griffen, Reg. No. 30,907; Richard B. 
Racine, Reg. No. 30,415; Thomas H. Jenkins, Reg. No. 30,857; Robert E. 
Converse, Jr., Reg. No. 27,432; Clair X. Mullen, Jr., Reg. No. 20,348; 
Christopher P. Foley, Reg. No. 31,354; John C. Paul, Reg. No. 30,413; 
David M. Kelly, Reg. No. 30,953; Kenneth J. Meyers, Reg. No. 25,146; 
Carol P. Einaudi, Reg. No. 32,220; Walter Y. Boyd, Jr., Reg. No. 31,738; 
Steven M. Anzalone, Reg. No. 32,095; Jean B. Fordis, Reg. No. 32,984; 
Roger D. Taylor, Reg. 28,992; Barbara C. McCurdy, Reg. No. 32,120; 
James K. Hammond, Reg. No. 31,964; Richard V. Burgujian, Reg. No. 
31,744; J. Michael Jakes, Reg. No. 32,824; Dirk D. Thomas, Reg. No. 
32,600; Thomas W. Banks, Reg. No. 32,719; Christopher P. Isaac, Reg. 
No. 32,616; Bryan C. Diner, Reg. No. 32,409; M. Paul Barker, Reg. No. 
32,013; Andrew Chanho Sonu, Reg. No. 33,457; David S. Forman, Reg. 
No. 33,694; Vincent P. Kovalick, Reg. No. 32,867; James W. Edmondson, 
Reg. No. 33,871; Michael R. McGurk, Reg. No. 32,045; Joann M. Neth, 
Reg. No. 36,363; Gerson S. Panitch, Reg. No. 33,751 ; Cheri M. Taylor, 
Reg. No. 33,216; Charles E. Van Horn, Reg. No. 40,266; Linda A. Wadler, 
Reg. No. 33,218; Jeffrey A. Berkowitz, Reg. No. 36,743; Michael R. Kelly, 
Reg. No. 33, 921; and James B. Monroe, Reg. No. 33,971. 



The power appears in the original declaration of the prior application. 
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1 5. □ Since the power does not appear in the original declaration, a copy of the 

power in the prior application is enclosed. 

16. h Please address all correspondence to FINNEGAN, HENDERSON, 

FARABOW, GARRETT and DUNNER, LLP., 1300 I Street, N.W., 
Washington, D.C. 20005-3315. 

1 7. □ Recognize as associate attorney , 



(name, address & Reg. No.) 
18. is Also enclosed is a marked-up copy of the substitute specification. 

PETITION FOR EXTENSION . If any extension of time is necessary for the filing of this 



application, including any extension in the parent application, Serial No. 08/362,495, 
filed November 18, 1996, for the purpose of maintaining copendency between the 
parent application and this application, and such extension has not otherwise been 
requested, such an extension is hereby requested, and the Commissioner is authorized 
to charge necessary fees for such an extension to our Deposit Account No. 06-0916. A 
duplicate copy of this paper is enclosed for use in charging the deposit account. 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, LLP. 




Bv: / 

Vanessa B. Pierce 
Date: September 29, 1999 Reg. No.: 42,074 
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United States Patent Application 



of 

Toomas Neuman 
Kikuo Suda 
Howard 0. Nornes 

for 



METHOD FOR INDUCING DNA SYNTHESIS IN NEURONS 



iuD FOR INDUCING DNA SYNTHESIS NEURONS 
This application is a continuation-in-part application of 
U.S. Patent _Applicat ion Serial No. 08/301,416, filed September 5, 
1994, which is a continuation-in-part of U.S. Patent Application 
Serial No. 08/169,522, filed December 17, 1993, both of which are 
hereby expressly incorporated by reference herein. 

In the parent application Serial No. 08/169,522, the term E2F 
is used to describe a regulator involved in cell cycle regulation. 
The present inventors are presently aware of at least three types 
of E2F regulators (E2F1, E2F2, and E2F3) . The inventors now know 
that the E2F regulator used in the examples of the parent 
application Serial No. 08/169,522 was E2F1. In this continuation- 
in-part application and in the parent application Serial No. 08/ 
08/301,416, use of the term "E2F" (without a number after the " F" 
is generic to all forms of E2F. 

In the parent application Serial No. 08/169,522, a prcte.r. 
pl05 Rb is discussed. In the present application and in the carer.- 
application Serial No. 08/301,416, the term Rb is used to 
represent the same protein. 

BACKGROUND AND SUMMARY OP THE INVENTION 

The mammalian nervous system has no mechanisms to replace 
lost neurons with the exception of some regions where neurcger.es i 
continues throughout life (Kaplan et al., Science , 122 : 1092-LC54 
(1977); Bayer, *™in Res.. 4£: 315-3323 (1982); Altman et 

al., .t mmn. Neurol. . 301=365-381 (1990)). Neurons are born 



during a narrow window of time and, when differentiated, become 
blocked at -the early Gl(GO) phase of the cell cycle (Angevine et 
al., Nature , 192 :766-768 (1961); Takahashi et al . , J. Neurocvtol. r 
21:185-197 (1992)). Accordingly, differentiated neurons are not 
capable of proceeding from the G1(G0) phase to the DNA synthesis 
phase- Thus, differentiated neurons are not only incapable of 
synthesizing DNA, but also are incapable of proceeding through the 
rest of the cell cycle to form new cells (proliferating) . 

It would be advantageous if one could cause normally 
differentiated neurons to proceed from the G1(G0) phase to the DNA 
synthesis phase- By doing so, one could induce proliferation of 
such neurons to produce new cells. 

Moreover, as demonstrated by the present inventors, one can 
use gene therapy by stably integrating DNA into normally 
differentiated neurons that have been induced to proceed from the 
GKGO) phase to the DNA synthesis phase. Gene therapy involves 
incorporating nucleic acid into the patient host. In certain 
applications, the host will express the foreign nucleic acid such 
that a therapeutic protein is made in the host. Although gene 
therapy has been used to express nucleic acids in 
nondifferentiated cells that can proliferate and synthesize 
nucleic acid, unique issues exist for gene therapy involving 
transfer of nucleic acid into neurons. 

For gene therapy, one should consider factors involved in the 
delivery of the nucleic acid into the target cell and efficient 
expression of the nucleic acid in the cell. For therapy involving 
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neurons as the target cells, customarily, one would transfer the 
nucleic acid in vivo to postmitotic (nonprolif erating and fully 
differentiated) cells. Therapy for diseases of or trauma to the 
central nervous system may involve use of differentiated neurons 
as the target cells. 

Physical and viral vector methods have been used for gene 
transfer into neurons of the adult nervous system with limited 
success. Direct injection of DNA into neurons is possible, 
however, this is limiting because of the number of cells involved. 

Although liposomes, complex ligand DNA conjugates, or viral 
vectors can deliver DNA to differentiated cells, the subsequent 
expression of DNA is transient since such cells do not normally 
synthesize DNA. Gene therapy would be somewhat limited if only 
transient expression of the transferred DNA was achieved rather 
than stable functional integration of the transferred DNA because 
of the shorter periods of expression associated with transient 
expression. 

For many conditions, one desires expression of the DNA over 
an extended period of time to provide the therapeutic molecule for 
ongoing treatment. For example, a patient having Parkinson's 
disease or- Alzheimers disease often needs treatment for many 
years. Functional integration of transferred DNA would provide 
such long term expression of the therapeutic molecule. Thus, it 
would be desirable to have stable functional integration of the 
transferred DNA into neurons for treatment of neurodegenerative 
diseases and trauma. 
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The regulation of Gl(GO) to DNA synthesis transition involves 
regulator molecules known as transcription factors. Modification 
(mainly phosphorylation) of preexisting regulators and 
transcriptional activation of new genes occurs during this 
process. Several different protein kinases which form complexes 
and modify transcription factors are described (Devoto et al., 
Cell , 68.:167-176 (1992) , Hunter, Cell , 7^:839-841 (1993)). 
Several transcription factors are described which regulate 
different steps in Gl to DNA synthesis transition. Retinoblastoma 
antigen (Rb) (Hamel et al., Molec. Cell. Biol., 12:3431-3438 
(1992)), sequence specific transcription factor E2F (Nevins, 
Science , 25^:424-429 (1992), and tumor suppressor p53 (Zambetti et 
al., Genes and Development , 6:1143-1152 (1992)) play central roles 
in the initiation of DNA synthesis and the DNA synthesis phase. 

Transcription factor E2F is a key molecule in the Gl to DNA 
synthesis phase transition. E2F regulates expression of genes 
necessary for DNA synthesis phase initiation and progression. 
Nevins, Science , 258=424-429 (1992); Mudryj et al, Cell, 
65:1243-1253 (1991); Schwarz et al., EMBO J. , 12:1013-1020 (1993). 
During the early Gl phase, the cellular E2F is in a complex with 
Rb (Nevins, 1992). In this complex, the E2F is inactive. Also, 
the Rb/E2F complex is an active repressor of transcription of 
several S phase genes (Weintraub et al., Nature , 351:259-261 
(1992) ) . 

Phosphorylation of Rb by cdc2 or cdk kinases releases E2F, 
which activates the genes necessary in the DNA synthesis phase. 
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Also, adenovirus oncoprotein E1A is a transcriptional regulator 
that binds Kb, which causes the release of active E2F from the 
inactive complex with Rb. 

During the DNA synthesis phase, the E2F will become 
inactivated again by forming a complex with cyclin A, cdc2 kinase 
and pl07 (Pagano et aL ■ - Science , 2££: 1144-1147 (1992)). 
Adenovirus oncoprotein E1A also binds p!07, which causes release 
of active E2F from the inactive complexes with pl07. Complexes of 
E1A with Rb and pl07 are more stable than E2F complexes with these 
same proteins; thus, the presence of El A causes dissociation of 
E2F complexes with Rb and pl07 and the release of 
transcriptionally active E2F (Nevins, Science , 258:424-429 
(1992) ) . 

Different forms of E2F exist in different cell types (Kaelin 
et al., Cell , 70:351-364 (1992). The homology between cell cycle 
regulatory factors from different species (e.g., from yeast to 
humans) , however, is very high. Accordingly, one can accurately 
predict the action of such factors in the cell cycle regulation 
from one species to another. 

Although the present inventors do not intend to be limited to 
any theory of why differentiated neurons do not synthesize DNA, 
since mature neurons in cerebral cortex and cerebellum express Rb 
(Okano et al., J. Neurosci, , 13:2930-2938 (1993) and Bernards et 
al., Proc. Nat. fiei. U.S.A. , 86:6474-6478 (1989)) and E2F 

(Helin et al, Cell , 70:337-350 (1992)) at relatively high levels, 
one hypothesis of the inventors is that the cell cycle is blocked 
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by formation of inactive complexes between Rb and E2F in the* 
neurons. Alternatively, Rb may have an important role in 
differentiation and functioning of neurons. 

An object of the present invention is to provide methods of 
inducing DNA synthesis in normally differentiated cells such as 
neurons . Another object according to certain embodiments of the 
present invention is to induce normally differentiated cells such 
as neurons to proliferate. 

The present inventors have shown that transfecting neurons 
with DNA encoding transcription factor E2F1 and viral oncoprotein 
Ei a in vitro and in vivo results in the induction of DNA synthesis 
in these neurons- The present inventors have also shown that such 
transfection in vivo , followed by induction of DNA synthesis, can 
be applied to stably integrate a functional gene(s) that is also 
trans fected into the neuron. 

By inducing differentiated neurons to synthesize DNA, the 
present invention provides for production of protein in neurons. 
With stable and functional integration, the present invention also 
provides for gene therapy in which normally differentiated neurons 
are induced to produce a given therapeutic protein. Also, by 
commencing the cell cycle from the Gl(GO) phase to DNA synthesis, 
the present invention is also directed to inducing proliferation 
of neurons to produce new cells. 

Another object of the present invention is to provide a 
method for isolating DNA that encodes molecules that regulate or 
induce DNA synthesis or proliferation of differentiated cells such 
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as neurons. The method includes (a) preparing a subtraction cDNA 
library, (b1 cloning individual cDNAs into individual vectors to 
create an expression library, transfecting differentiated cells 
with the expression library, (c) selecting transfected cells that 
synthesize DNA or proliferate, (d) isolating cDNAs from the 
selected cells, and (e) selecting cDNAs other than cDNAs known to 
encode molecules that regulate or induce cells progressing to the 
DNA synthesis phase of the cell cycle. 

The method according to certain embodiments further includes 
the step of amplifying isolated cDNAs from steps (d) and (e) in a 
polymerase chain reaction. The amplified cDNAs may then be cloned 
into an expression vector which- is transfected into differentiated 
cells such as neurons to induce DNA synthesis and/or 
proliferation. 

DNA isolated when using such methods are also provided. 

Another object according to certain embodiments of the 
invention is to use DNA encoding molecules that induce 
differentiated cells to synthesize DNA to isolate homologous genes 
from other organisms including humans, to produce proteins and 
antibodies against proteins for which these genes code, and to 
induce differentiated cells such as neurons to proliferate. The 
antibodies can be used for diagnostic purposes or for treatment of 
conditions _such as cancer where the patient already produces too 
much of the molecule that induces DNA synthesis. 

Another object according to certain embodiments of the 
present invention is that it enables one to use neurons from che 
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same individual to obtain (induce the production of) more neurons. 
Thus, it itf possible to replace lost neurons after injury or 
neurodegenerative diseases. 

Another object according to certain embodiments of the 
present invention is to induce differentiated cells such as 
neurons to produce proteins in vitro or in vivo by inducing DNA 
synthesis in such differentiated cells. 

Other objects and advantages will become apparent upon review 
of this patent application, 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1. Induction of DNA synthesis in differentiated 

cerebellar neurons in vitro . Differentiated cerebellar granular 

13S 

neurons were transfected with E1A cDNA and immunostained for 
E1A expression (left panel), NF-H expression (middle panel), and 
BrdU incorporation (right panel) . 

Figure 2 . Induction of DNA synthesis in cortical neurons in 
vivo . Figure 2a. Cortical neurons were transfected with 
pRcCMVj3-gal cDNA and visualized for 0-gal expression. Figure 2b 
and Figure 2c. Cortical neurons in vivo were transfected with a 
mix of E1A 13S and E2F1 cDNAs (1:1) using immunoliposomes and 
immunostained 33 (b) and 57 (c) hours post -transfect ion for E1A 
expression, (left panel) , NF-H expression (middle panel) , and BrdU 
incorporation (right panel) . Arrows indicate neurons that express 
E1A and are BrdU positive, arrowhead indicates E1A positive but 
BrdU negative neuron. 
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DETAILED DESCRIPTION OP PREFERRED EMBODIMENTS 

The present invention is directed to inducing DNA synthesis 
in neurons, which in certain embodiments provides for production 
of proteins, peptides, or polypeptides (for simplicity, the term 
"protein" is used to encompass all of these materials) in neurons, 
for gene therapy that produces proteins in normally differentiated 
neurons, and for inducing proliferation of neurons to produce new 
cells. According to the present invention, stable integration of 
delivered genes into the genome of neurons is accomplished. 
According to certain embodiments of the present invention, the 
method includes transfection of postmitotic neurons with DNA which 
induces DNA synthesis along with additional DNA that has potential 
therapeutic effect, such as DNA that encodes a therapeutic 
protein. In certain embodiments, the DNA is mixed, packaged into 
liposomes, and injected into the central nervous system. 

The present inventors have demonstrated that DNA synthesis 
occurred in adult neurons and that expression of introduced DNA 
was stable for months. With stable integration of the delivered 
gene into the genome of the target neurons, this method of gene 
transfer provides for gene therapy for neurodegenerative diseases 
such as Parkinson's, Huntington's and Alzheimer's and for 
reconstruction following trauma and stroke. Further, this method 
can be used for gene transfer to any nonprolif erating and fully 
differentiated cell of the body, since regulation of the cell 
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cycle is not unique to neurons, and induction of DNA synthesis 
should result in stable integration of cotransf ected DNA. 

According to certain embodiments, the invention involves 
transfection and expression of cell cycle regulatory factors in 
the differentiated target cells to induce DNA synthesis. Examples 
of transcriptional regulators according to certain embodiments 
include E1A and E2F. In view of the interaction of Rb and E2F, 
however, other factors that bind to Rb and thus free E2F from rb/ 
E2F complexes can also be used according to certain embodiments. 
The present invention should not be limited to any particular 
regulatory factors, however, since the inventors have shown for 
the first time that differentiated cells such as neurons can be 
induced to synthesize DNA (by proceeding to the DNA synthesis 
phase of the cell cycle) . With that knowledge, one skilled ir. tr.e 
art would be able to carry out the present invention with other 
regulators in the cell cycle. 

Foreign DNA encoding therapeutically relevant proteins can be 
introduced into neurons before or during the induced DNA synthesis 
phase, which accomplishes a stable and functional integration of 
the foreign DNA into neurons of a different organism including a 
human. In certain embodiments, the foreign DNA is cccransf acted 
with DNA encoding the transcription or regulatory factor. This 
provides gene-based therapies of the central nervous system [ZSS - 
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In the case of Parkinson's disease, cDNA encoding tyrosine 
hydroxylase, which is a key enzyme in the synthesis of L-DOPA and 
dopamine, can be introduced into catecholamine producing neurons; 
for other neurodegenerative diseases and for stroke and trauma 
patients, genes expressing neurotrophic factors can be introduced 
to promote regeneration. In conditions which require cell 
replacement, neurons can be induced to proceed through the cell 
cycle and form new cells. 

According to certain embodiments of the invention, a method 
for inducing DNA synthesis in a differentiated neuron is provided 
that includes obtaining a vector comprising nucleic acid encoding 
an E2F regulator and/or an E1A- regulator, wherein the vector can 
be used to express the nucleic acid in a differentiated neuron, 
and transfecting a differentiated neuron with the vector. 

According to certain embodiments of the invention, a method 
for integrating DNA encoding a desired protein in a differentiated 
neuron is provided that includes obtaining a vector comprising 
nucleic acid encoding an E2F regulator and/or an E1A regulator, 
wherein the vector can be used to express the nucleic acid in a 
neuron, obtaining DNA encoding a desired protein, and 
cotransfecting a differentiated neuron with the vector and the DNA 
encoding the desired protein such that the DNA encoding the 
desired protein is integrated in the differentiated neuron and the 
desired protein is produced. 
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The following examples illustrate aspects of the inventi* 
These exampdes are for illustrative purposes only and are not 
intended to limit the scope of the invention. 



EXAMPLE 1 

Efficiency Of Initiation Of DNA Synthesis 
Followed By Proliferation Of Neuronally 
Differentiated PCC7 Cells After 
Transfection Of E1A And E2F cDNAs 

The ability of E2F and E1A to induce DNA synthesis in 

postmitotic neurons was first tested in mouse teratocarcinoma cell 

line PCC7. 

Mouse teratocarcinoma cell line PCC7 was grown in Dulbecco's 
modified Eagle medium containing 10% fetal calf serum (Sigma) . 
Neuronal differentiation of PCC7 cells was induced with dibutyryl 
cyclic AMP (Bt^cAMP, ImM) and all-trans retinoic acid (RA, 0.5 
fM) . 

Mouse E2F1 (mE2Fl) , RNP-1 and RNP-2 were cloned into 
pRcCMvneo expression vector (obtained from Invitrogen Corporation) 
between Hindi 1 1 and NotI sites. Adenovirus E1A 12S and 13S cDNAs 
(obtained from Dr. J. Nevins and Dr. E. Moran) and mouse ME1 were 
cloned into pRcCMV vector using Hindi I I linkers. 

PCC7- cells were differentiated 3 days before transfection. 
Transfection of the cDNAs was performed by the calcium phosphate 
coprecipitation technique using 20 m9 of DNA per 100 mm tissue 
culture plates (Falcon) at a cell density of 2 x 10 cells per 
plate with an incubation time of 15-16 h. The transfectant cells 
which were stably proliferating were identified following culture 
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of cells in the presence of 400 fig /ml G418 (Gibco) for 18-21 days 
and the number of proliferating clones was counted. 

The cDNA was is.olated from the proliferating clones, and the 
efficiency of isolated cDNAs to dedifferentiate and initiate 
proliferation of neuronally differentiated PCC7 cells was tested 
in two conditions: (1) transfection of cDNAs into neuronally 
differentiated PCC7 cells (same conditions used in screening the 
expression library) , (2) transfection of cDNAs into proliferating 
PCC7 cells followed immediately by treatment with RA and Bt 2 cAMP 
to induce neuronal differentiation. 

The cDNAs mE2F and adenovirus oncogenes E1A 12S and 13S forms 
induced the formation of proliferating clones (Table 1) . 
Helix- loop-helix transcription factor ME1 was used as a control 
cDNA. ME1 is expressed in many proliferating cell types, and its 
expression is down- regulated during differentiation (Neuman et 
al., European J. Neurosci. , 5:311-318 (1993)). In neuronally 
differentiated PCC7 cells, both 12S and 13S forms of E1A block 
differentiation and initiate proliferation (Table 1) at 70 - 100 
times higher efficiency than mE2Fl. No proliferating clones were 
observed in ME1 transfected culture dishes- 



- 13 - 



TABLE 1 



Construct 


Number of Clones 


Transfection into un- 
differentiated cells 
followed by 
differentiation 


Transfection into 
differentiated cells 


pRcCMV 

PRCCMV-E1A12S 

pRcCMV-ElA13S 

pRcCMV-E2F 

pRcCMV-RNP-1 

pRcCMV-RNP-2 

pRcCMV-MEl 


0/ 0/ 0 
150/231/112 
184/191/132 
25/ 19/ 14 
9/ 11/ 15 
12/ 9/ 17 
0/ 0/ o 


0/ 0/ 0 
146/219/110 
172/180/109 
15/ 19/ 12 
12/ 12/ 15 
9/ 11/ 16 
0/ 0/ 0 



Results of three separate experiments are presented. All 
transf ections were performed in triplicates and each number 
represents the average number of clones from three culture dishes . 
The results are normalized to the transfection efficiency measured 
by beta-galactosidase activity after cotrans feet ion of lacZ driven 

by CMV promoter. 

Northern blot analyses was performed to characterize the 
expression of E2A, RNP-1 and RNP-2 genes in differentiating PCC7 
cells. The RNA was fractionated on 1.2% agarose formaldehyde gel 
and transferred to a nylon membrane (Hybond N, Amersham) . 
Twenty- five micrograms of total RNA were run in each lane. RNA 
was isolated using acid guanidinium/phenol/chloroform extraction 
procedure (Chomszynski and Sacchi, 1987. Single-Step Method of 
RNA Isolation by Acid Guanidinium Thiocyanate -phenol -chloroform 
Extraction. Analyt. Biochem. , 162, 156-159.). The full-length 
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radiolabeled (32P) mE2F, RNP-1 and RNP-2 cDNAs were used as 
probes- The blots were washed at high stringency (0,2 X SSC, 
65°C) and exposed to X-ray film for three days. The amount and 
quality of transferred RNA were monitored by methylene blue 
staining of the filters before hybridization. Only the filters 
with equal amounts of RNA in each lane were used for 
hybridization. All three genes, E2F, RNP-1 and RNP-2, are 
down- regulated during neuronal differentiation of PCC7 cells. 
Down- regulation of E2F is not significant (Chart 1) which is not 
surprising as it is expressed in the adult nervous system (Helin 
et al., 1992. A cDNA Encoding a pRB-Binding Protein with 
Properties of the Transcription Factor E2F. Cell, 70, 337-350) . 
RNP-1 is down- regulated significantly during the first 24 hours of 
differentiation, and its mRNA is undetectable by 48 hours. Down- 
regulation of RNP-2 occurs more gradually, and its mRNA disappears 
by the third day of differentiation (Chart 1) . The expression 
pattern of RNF-1 and RNP-2 clearly demonstrates that these genes 
are expressed in proliferating cells and are downregulated during 
neuronal differentiation which supports the idea that there are 
regulators of proliferation and can be used as inducers of 
proliferation of neurons. 

Chart 1 below shows the Northern blot analyses of E2F, RNP-1 
and RNP-2 expression during differentiation of teratocarcinoma 
PCC7 cells. RNA was isolated from untreated (line 1) and 1, 2 and 
3 days differentiated cells (respectively lines 2, 3, and 4). 
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CHART 1 



12 3 4 




EXAMPLE 2 

Induction Of DNA Synthesis In 
Differentiated Granular Neurons From 
Mouse Cerebellum Using Mouse E2F And 
Adenovirus E1A cDNAs 

A procedure similar to the procedure described in Example 1 
to induce DNA synthesis in postmitotic neurons was tested using 
mouse cerebellar granular neurons* Cerebella of 6 day old mice 
were dissociated into single cells after incubation in 0.25% 
trypsin, UnM EDTA for 15 minutes at 37°C. Trypsin digestion was 
stopped by DMEM plus 10% fetal calf serum containing 0.1% DNase . 
Cells (3-4 x 10 5 /ml) were cultured on poly-L-lysine (5/xg/cm ) and 
collagen (100Mg/ml) coated 4 chamber culture slides (Lab-Tek) in 
BME medium containing 10% fetal calf serum, 25 mM KCl, and basic 
fibroblast growth factor (b-FGF) (50 ng/ml) . Cytidine arabinoside 
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(10 ^M) was present in culture media during days 2-4 to block 
proliferation of non-neuronal cells . 

After 6 days in culture, the cells were transfected by the 
Transfectam transfection procedure using 5 fig of the pRcCMVneo 
eukaryotic expression vector (Invitrogen) , ME1 cDNA cloned into 
pRcCMVneo (pRcCMV-MEl) , ME2 cDNA cloned into pRcCMVneo 
(pRcCMV-ME2) , E1A 13S cDNA cloned into pRcCMVneo (pRcCMV-ElA 13S ) , 
or E2F1 cDNA cloned into pRcCMVneo (pRcCMV-E2Fl) . The cells were 
exposed to the DNA for 3-5 hours in DMEM (Gibco) serum free media 
and then placed in growth media containing insulin-like growth 
factor 1 (IGF-1) (20 ng/ml) . BrdU (final concentration of 10 jiM) 
was added and the cells were incubated for another 24 hours before 
fixation with cold methanol. 

For triple staining, cells were initially incubated with E1A 
mouse monoclonal antibody (Oncogene Science, 10 fig/ml in 0.01% 
BSA/PBS) or E2F mouse monoclonal antibody (Santa Cruz, 10 pig /ml 
in 0.01% BSA/PBS) overnight at 4°C. E1A and E2F were visualized 
using Vectastain ABC kit (Vector Laboratories) and 
3, 3' -diaminobenzidine tetrahydrochloride as a substrate for 
horseradish peroxidase. 

After washing three times, the cells were incubated with 
rabbit anti-neurofi lament -200 polyclonal antibody (Sigma, 1:80 in 
0.01% BSA/PBS) to detect neurofilament heavy subunit (NF-H) , 
followed by FITC-conjugated goat anti- rabbit IgG (Sigma, 1:100 in 
0.01 % BSA/PBS). After washing, the cells were treated with 2M 
HC1 for 30 minutes at room temperature, neutralized with borate 
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buffer (pH 8.5), and immunostained with a rat monoclonal ant i -BrdU 
antibody (Accurate SeraLab, 1:10 in 0.01% BSA/PBS) followed by 
TRITC- conjugated rabbit anti-rat igG (Sigma, 1:20 in 0.01% 
BSA/PBS) . The presence of 3 , 3 -diaminobenzidine precipitate and 
FITC and TRITC fluorescence were then examined using fluorescence 
microscopy with the appropriate filters to observe triple stained 
cells . 

Cerebellar granular cells isolated from postnatal day 6 mice 
differentiate and maintain a differentiated state in vitro . After 
6 days in culture , no DNA synthesis was detected in granular 
neurons based on 5-bromo-2' -deoxyuridine (BrdU) incorporation and 
on immunostaining for neurofilament heavy subunit (NF-H) to 
identify neurons. 

Two different approaches were used to increase the 

intracellular levels of E2F1 transcription factor; directly 

over-expressing E2F1 and over-expressing adenovirus oncogene E1A 

that forms a complex with Rb and pl07 proteins leading to the 

release of active E2F1. (In proliferating cells, E1A becomes 

disassociated from E2F1 . 9 ' 16/ 22 ) Also, in proliferating cells, 

E1A over- expression has been demonstrated to induce Gl to DNA 

8 23 

synthesis phase transition- ' 

Post-mitotic granular neural cells were transfected with E2F1 
or E1A cDNAs cloned into pRcCMVneo expression vector (Invitrogen) 
using the Transfectam (Promega) transfection protocol. After 
transf ection, the neurons were grown for an additional one, two, 
or three days in the presence of BrdU and processed for 
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immunostaining to detect BrdU incorporation, expression of 
neuronal markers, and E1A or E2F1 proteins. 

Transfection of E1A and E2F1 expressing plasmids into 
cerebellar granular neurons stimulated, respectively, 37% and 43% 
of the successfully transfected neurons to become BrdU positive 24 
hours after transfection (Figure l, Table 2) . No DNA synthesis 
was detected in E1A- or E2Fl-negative neurons. Time course 
analyses of BrdU incorporation reveal that DNA synthesis continues 
at least during the first three days after transfection. 

In contrast, no DNA synthesis and expression of E1A or E2F1 
was detected in untransf ected neurons or in neurons transfected 
with helix-loop-helix transcription factors ME1 and ME 2 (Neuman et 
al., Eur. J. Neurosci. , 5:311-318 (1993)) cDNAs (Table 2) or 
pRcCMVneo vector without ' cDNA. 
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TABLE 2. Effect of expression of different cDNAs on BrdU incorporation in 
differentiated ceTehc|frr nanrons in vilro 



Transfeccion 
construct 



untransfected 

pRcCKV 

pRcElA^s 

pRcE2Fl 
pRcMEl 



Number of 
E1A or E2F1 
positive neurons 

0 
0 

10.2±6.9 

8.5±S.l 
0 

0 



Number of 
BrdU positive 
neurons 



0 
0 

,7±2.3 

.€±1.5 

0 

_2 



% E1A or E2F1 
positive neurons 
that are BrdU 
positive 

0 
0 
37 

43 

0 

Q 



Numbers represent means ± S.D. from 10 independent experiments. The 
number of immunostained neurons were counted in three areas (6 mm*) 
of culture chamber. 
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EXAMPLE 3 - 

Induction of DNA Synthesis In Cortical 
Neurons Of Adult Rats In Situ Using E2F1 
And Adenovirus El A cDNAs 

Neurons in the neocortex express a relatively high level of 
Rb protein (Okano et al., Neurosci . , 12:2930-2938 (1993)) which 
may inactivate transfected E2F1. To overcome this possibility, 
E2F1 and E1A expressing plasmids were mixed (1:1) and packed into 
immunoliposomes coated with antibodies against the cell surface 
protein Thy 1,1 to target the liposomes to neurons (Geisert and 
Holmberg, manuscript submitted (Attached as Appendix 1) . The 
present inventors hypothesized that E1A would bind to Rb resulting 
in the release of endogenous E2F1 that is expressed in the adult 
brain and protect transfected E2F1 from binding to Rb. (E2F is 
expressed in the adult brain (Helin et al . , Cell , 70:337-350 
(1992) ) . 

Adult rats (over 6 weeks) were anesthetized using ketamine 
(85 mg/kg) and xylazine (13 mg/kg) . Stereotaxic surgery was 
performed to inject 10 pi of immunoliposomes containing either 
0.25 fxg of pRcCMV vector, pRcCMV-j3-gal (Jff-gal cDNA cloned into 
pRcCMVneo)-, or pRcCMV-ElA 13 g/pRcCMV-E2Fl mixture (1:1) (a mixture 
of El A- - e "cDNA cloned into pRcCMVneo and E2F1 cloned into 

1 JO 

pRcCMVneo) into the parietal cortex of adult rats. Injections 
were made 4 mm posterior to the bregma, 5-5.5 mm lateral to the 
midline, and 3.0-3.5 mm depth in the parietal cortex over a five 
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minute period and the needle remained in place for an additional 
10 minutes." 

Nine or 33 hours after immunoliposome injection, BrdU 
solution (15 mg/ml in 0,9% NaCl, 0.007N NaOH; 50 mg g" 1 body 
weight) was injected intraperitoneally every 3 hours during a 24 
hour period to identify DNA synthesizing cells. One half hour 
after the final injection, brains of anesthetized animals (see 
above) were fixed by transcardial perfusion with 4% 
paraformaldehyde. Triple immunostaining was performed on 8 fim 
cryostat sections as described above. As an additional step, 
sections were incubated with trypsin solution (lOmM Tris pH 7.8, 
0.1% trypsin and 0.1% CaCl) for. 10 minutes at room temperature 
after rehydration. 

Immunol iposomes were prepared as described, e.g., in Holmberg 
et al., Biochem. Binnhvs. Res . Comm.. 165.: 1271-1278 (1989). The 
immunoliposomes were diluted to a concentration of 1 mg/ml total 
lipid. Plasmid DNA and Thy l.l antibody concentrations were 0.025 
mg/ml and 0.25 mg/ml, respectively. 

Immunoliposome mediated DNA transfer was used to introduce 
E1A and E2F1 into rat cortical neurons. Transf ections using 
(0-galactdsidase cDNA demonstrated high efficiency of 
immunoliposome mediated transfection (Fig. 2a, Holmberg et al . , 
submitted (attached as Appendix 2)) . 

Expression of E1A and E2F1 results in DNA synthesis in 
cortical neurons (Figure 2) . Approximately fifteen and five 
percent of ElA expressing neurons become BrdU positive after 3 3 
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and 57 hours after transf ection, respectively (Table 3) . No DNA 
synthesizing neurons were detected in animals transfected with 
expression plasmids. without cDNA. 
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TABLE 3. Effect of expression of E1A and E2F1 on BrdU incorporation in 
adult rat fcorticai neurons in vivo 



Transfection 
cons truce 


Number' of 
E1A positive 
neurons/mm) 


Number of 
BrdU positive 
neurons/nm) 


% ElA positive 
neurons that 
are BrdU positive 


control 


0 


0 


0 


PRCCMV 


0 


0 


0 


pRcElAus + 
PRCE2F1 33 h 


458±192 


66.7±33.4 


14.6 


pRcElA 13s * 
DRCE2F1 S7 h 


7394183 


41.3*33.7 


5.2 



Numbers represent means ± SJX from 4 independent experiments. Triple 
labeled neurons were counted in 3 mm* areas surrounding the injection 
site in 10-12 serial sections (thicknes 10 \im). Number of triple labeled 
ceils was calculated based on these counts. 
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EXAMPLE 4 

Integration Of Introduced DNA Into 
Cortical Neurons After Stimulation 
Of DNA Synthesis 

To determine if the DNA delivered into postmitotic cortical 
neurons is stably integrated and functional, /3-galactosidase cDNA 
(/3-gal) under the control of CMV promoter was cotransf ected with 
E2F1 and E1A cDNAs as described in Example 3. 

Transf ected brains were analyzed 3 days, 7 days, 3 weeks and 
2 months after transfection for 0-galactosidase expression using 
X-gal staining at pH higher than 7.5 (MacGregor et al., "Use of E. 
coli lacZ (/3-galactosidase) as a reporter gene," Gene Transfer 
and Transfection Protocols , Ed. Murray, E. J., Human Press, 
Clifton, N. J., pp. 217-236 (1991)). This staining minimizes 
visualization of endogenous galactosidases and stains the 
transf ected j3-gal neurons blue. In control transf ections, /3-gal 
cDNA was transf ected alone, without E1A and E2F cDNAs, in 
conditions where DNA synthesis is not induced. 

After three and seven days, /3-galactosidase activity was 
detectable in both control and experimental animals. Few 
/3-galactosidase positive neurons were detectable after 3 weeks in 
control animals, but in the brains of experimental animals many 
blue neurons were detected. After 2 months, numbers of 
/3-galactosidase positive neurons similar to those observed in the 
previous time points were detected in the brains of the 
experimental groups of animals, and no blue neurons were observed 
in the control animals. These data clearly demonstrate that by 

- 25 - 



inducing DNA synthesis in neurons, one obtains long term 
integration- of DNA delivered into adult neurons . 

Table 4. Integration of introduced DNA into adult cortical 
neurons in vivo. 



number of j3-galactosidase positive 

Time neurons /mm3 

0-gal 0-gal+ElA and E2F1 

3 days 58±S 61+7 

7 days 4 3 ±4 58+4 

3 weeks 2+1 4 2+5 

2 months 0 4 3+6 



Numbers represent means + S.D. from 4 independent experiments. 

2 

0-galactosidase positive neurons were counted in 3 mm areas 
surrounding the injection site in 10-12 serial sections {thickness 
10 pm) . Number of /3-galactosidase positive neurons was 
calculated based on these counts. 



The data demonstrate that stable integration and expression 
of delivered genes occurs in postmitotic neurons of the central 
nervous system (CNS) . This occurs following the present invention 
in which DNA synthesis is induced in the target cell along with 
gene delivery. Accordingly, the present invention provides longer 
term production of protein in neurons, and demonstrates that the 
present invention may be used for gene-based therapies of the CNS. 
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Further, this same method may be used to obtain stable integral — 
of foreign-DNA into any postmitotic cell of the body, since 
regulation of the cell cycle is not unique to neurons. 

EXAMPLE 5 

Integration Of Tyrosine Hydroxylase (TH) 
cDNA Into Postmitotic Human Neuronal 
Cells In Vitro 

Human neuronal cells NT2 , which have many characteristics cf 
adult differentiated neurons (Stratagene manual, NT2 cells), were 
used to demonstrate that stable integration of tyrosine 
hydroxylase (TH) , a critical enzyme in dopamine synthesis, occurs 
after induction of DNA synthesis. 

The NT 2 cells were cultured in DMEM plus 10% fetal calf serur. 
and differentiated neuronally for five weeks in the presence of 
10 /zM all-transretinoic acid (RA) (Stratagene manual) . The cells 
were transfected by the Transfectam transfection procedure using 
10 /ig of pRcCMV, pRcCMV-TH (TH cDNA cloned into pRcCMVneo (TH cZNA 
sequence is in the Genebank and is shown in D'Mello et al . , J . 
Neurosci . , 19:440-449 (1988) and the inventors obtained TH cDNA 
from 3. 3. Kaplan), pRcCMV-ElA 13S , or pRcCMV-E2Fl cDNAs . Five 
weeks differentiated cells were exposed to the DNA for 5 h ir. Z>*zy 
(Gibco) serum free media and then media was replaced with the 
growth media with RA. For TH immunostaining, fixed cells (4% 
paraformaldehyde plus 0.1% triton X-100) were incubated with TH 
mouse monoclonal antibody (Instar Corporation) overnight at 4 C C. 
TH immunostaining was visualized using Vectastain ABC kit (Vector 
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Laboratories) and 3 , 3 ' -diaminobenzidine tetrahydrochloride as a 
substrate for horseradish peroxidase. Cells were then examined 
using fluorescence microscopy with the appropriate filters. 

NT2 cells differentiate neuronally and maintain a 
differentiated state in vitro after five weeks of RA treatment. 
No DNA synthesis was detected in differentiated NT2 cells based on 
5-bromo-2' -deoxyuridine (BrdU) incorporation five weeks after RA 
treatment. The BrdU tests were performed as described above. To 
determine if the DNA delivered into neuronally differentiated NT2 
cells is stably integrated and functional, TH cDNA under the 
control of CMV promoter was cotransf ected with E2F1 and E1A cDNAs 
as discussed above. In control, transf ections, TH cDNA was 
transf ected alone, without E1A and E2F cDNAs . Without 
transf ection of E1A and E2F1, DNA synthesis is not induced in the 
controls * 

Transf ected cells were analyzed 3 days, 7 days, and 3 weeks 
after transfection for TH expression using antibodies against TH 
protein as discussed above. After three and seven days, TH 
immunoreactivity was detectable in both control and experimental 
cultures. Few TH positive cells were detectable after 3 weeks in 
control cultures, but in the experimental cultures hundreds of TH 
positive cells were detected. These data demonstrate that 
cotransfection of E2F and E1A DNA resulted in DNA synthesis and 
resulted in long term integration of TH DNA delivered into 
differentiated neurons. 
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Table 5. Integration of introduced tyrosine hydroxylase cDNA into 
neuronally "differentiated NT2 cells. 

Time number of TH positive cells in 60 mm culture dish 

Transf ection 
TH alone TH + E1A and E2F1 

3 days 758+21 761+19 

7 days 643+20 758+31 

3 weeks 5+1 723+23 

Numbers represent means + S.D. from 4 independent experiments. 

The data demonstrate that stable integration and expression 
of delivered genes occurs in postmitotic neurons. This occurs 
when DNA synthesis is induced in the target cell along with gene 
delivery. This forms the basis for application of this gene 
delivery method for gene-based therapies of the CNS. 



EXAMPLE 6 

Integration Of Tyrosine Hydroxylase (TH) 
cDNA Into Postmitotic Neurons Or Glia In 
Vivo In Treatment Of Parki nsons Disease 

Parkinsonism is a slowly progressive neurodegenerative 

disease of the central nervous system. Clinical symptoms are 

tremors at rest, rigidity, akinesia and postural impairment. A 

hallmark of the disease is reduction of the neurotransmitter 

dopamine in the basal ganglia which is caused by the loss of ne 

cells in the brain stem. These dopamine producing neurons are 

located in the substantia nigra nucleus of the mesencephalon an 

project to and terminate in the basal ganglia. Major clinical 
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signs and symptoms arise when around 80% of these neurons are 
lost. 

The administration of the amino acid L-3,4- 
hydroxyphenylalanine (L-DOPA) is currently the most common 
treatment of the disease, L-DOPA is the immediate precursor of 
dopamine and after entering the neuron is converted to dopamine . 
Remission following this treatment indicates that the remaining 
dopamine neurons are adequately adaptive to restore basal ganglia 
activity. However, long term systemic L-DOPA treatments are 
complicated by side affects. 

Amelioration of parkinsonian-like deficits in experimental 
animal models has also been accomplished by transplantation of 
fetal dopamine producing cells into the basal ganglia. With the 
potential ethical, legal, and histocompatibility issues associated 
with the use of fetal cells, investigators tested the feasibility 
of using DNA-secreting cells (chromaffin cells) dissected from the 
adrenal medulla. Animal experiments in rodents and non-human 
primates using cells from the adrenal 'medulla, however, have net 
been promising because of low survival and immunological re;sctitr. 
(Freed et al., J. Neurosura. , £5:664-670 (1986); Hansen et al., 
Exp . Neurol . , 102:65-75 (1988)). The initial clinical trials wit- 
human Parkinson's disease patients also indicate a need for 
further basic research (Lindvall et al . , Ann. Neuro. . 22: 457-465 
(1987; Goetz et al., N. Engl. J . Med. , 120:337-341 (1989)). 
The rate- limiting enzyme tyrosine hydroxylase (TH) is involved in 
the production of L-DOPA in neurons. The present inventors 
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hypothesize that by increasing levels of TH at the neurons, one 
can also obtain L-DOPA at the neurons and thus treat Parkinson's 
disease . 

This prophetic example is to stably insert a cDNA which codes 
for the TH protein into the remaining substantia nigra neurons and 
in neurons in close proximity to the substantia nigra neurons in 
the brain stem of patients with Parkinson's disease. The 
advantage of this gene therapy application is that the TH levels 
will be elevated in the remaining dopamine neurons of the 
substantia nigra and in neurons in close proximity to the 
substantia nigra neurons. 

The L-DOPA drug treatments in Parkinson's disease patients 
have already demonstrated that the remaining dopamine neurons are 
capable of restoring basal ganglia activity. Instead of elevating 
the neurotransmitter levels in all the catecholamine/dopamine 
related pathways which occurs following systemic L-DOPA treatment, 
this application will elevate the TH levels only in the substantia 
nigra neurons and in neurons in close proximity to the substantia 
nigra neurons. The TH levels will be elevated in the specific 
dopamine producing neurons, which project to and terminate in 
basal ganglia. As discussed above, a hallmark of Parkinson's 
disease is reduction of the neurotransmitter dopamine in the basal 
ganglia. 

Examples 4 and 5 above show that the present invention can be 
used to stably insert a functional cDNA encoding TH into 
postmitotic human neurons in vivo . In Example 5 above, the 



- 31 - 



inventors showed the stable integration in vitro of TH cDNA into a 
human cell line that has many characteristics of differentiated 
human neuronal cells. This same or a similar cDNA construct 
should be functional in substantia nigra neurons and in neurons in 
close proximity to the substantia nigra neurons .in the human brain 
to produce TH in vivo . 

In Example 4, the invention was used to stably insert the 
beta-galactosidase gene into postmitotic cortical neurons in vivo 
in rats. Given the homology of regulation between species, one 
skilled in the art should be able to use a targeted liposome 
delivery system similar to the one in Example 4 to obtain stable 
integration of the TH DNA in the human brain. 

Immunol iposomes specific for neurons are made similar to the 

immunoliposomes of Example 4 except that TH cDNA is substituted 

for beta-galactosidase cDNA. Moreover, one could design a 

liposome that is specific for a surface marker of substantia nigra 

neurons, and thus have a liposome that is even more specific for 

those particular neurons. Preferably, the liposomes will contain 

13S 

about 10-100 /ig of the plasmid DNA (pRcCMV-TH, pRcCMV-ElA , ar.d 
pRcCMV-E2Fl in a 1:1:1 ratio). 

Stereotaxic surgery similar to that performed in Example 4 
will be performed to inject liposomes containing the inserted 
plasmids discussed above locally into the area of the substantia 
nigra neurons of a human or other animal. By selecting the 
specific area for the injection, one can limit transfection to zhe 
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substantia nigra neurons and neurons in close proximity to the 
substantia nigra neurons. 

Injecting small volumes of cells into brains of human 
patients is a rather non-invasive surgery (Lindvall et al. 1987), 
so injections of liposomes should not be invasive. One skilled in 
the art will be able to monitor the clinical signs of the patient 
over time for determine the effective dose and to determine 
whether subsequent administrations should be provided. 

There are additions or alternative to the above treatment. 
Given the fact that the parkinson-like symptoms can be ameliorated 
in experimental animal models by transplanting dopamine producing 
cells into cells within the basal ganglia, either glial cells or 
interneurons in the basal ganglia could -be transf ected with the 
similar cDNA constructs and liposome delivery system. One skilled 
in the art would be aware that the targeted liposomes would be 
constructed such that they recognize the particular cell type that 
is to be targeted. 

EXAMPLE 7 

Stable Integration Of Nerve Growth Factor 
(NGF) - cDNA Into Postmitotic Basal 
Forebrain Cholinergic Neurons In 
Alzheimer's Patients _ .' 

Alzheimer's disease is a progressive neurodegenerative 

disease of the central nervous system resulting in senile 

dementia. Neuronal populations are differentially affected by the 

degenerative process with lesions throughout the brain. The 

entorhinal cortex and hippocampus are severely affected and 
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forebrain cholinergic neurons and brain stem serotinergic and 
adrenergic neurons which project to the cortex and hippocampus are 
particularly vulnerable. There are a variety of cellular 
pathologies including the severally affected cytoskeleton 
(neurofibrillar tangle) and extracellular deposits of beta-amyloid 
protein (senile plaques) . 

It has been proposed that Alzheimers patients be treated with 
pluripotent neurotrophic factors (Terry, "Regeneration in 
Alzheimer Disease and Aging, n Advances in Neurology . Vol. 59, pp. 
1-4, Ed, F. J. Seil. Raven Press, Ltd., New York (1993)). There 
is a family of proteins called neurotrophic factors that have been 
shown to be responsible for growth and survival of neurons during 
development (Levi-Montalcine, Science , 237:1154-1162 (1987); Hofer 
et al.. Nature , 331 :261-261 (1988)) and to prevent death of 
neurons induced by lesions (Yan et al . , Nature, 360:753-755 (1992; 
Koliatosos et al., Neuron , 10:359-367 (1993)). In the nervous 
system, the neurotrophic factors are synthesized and released from 
other neurons or support cells (glia) . These factors bind to 
specific receptors on neurons, resulting in the activation of 
metabolic pathways which in turn are responsible for activating 
the production of proteins involved with growth and survival. 

One of the characteristics of the Alzheimer brain is the 
reduction of cortical acetylcholine which can be caused by atrophy 
and depletion of nerve-growth- factor dependent (NGF) cholinergic 
forebrain neurons that project to the cerebral cortex and 
hippocampus. In animal models, lesion of this cholinergic pathway 
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to the hippocampus results in cell loss in the forebrain 
cholinergic neurons which can be reversed by NGF (Tuszynski et 
al., Ann, ffeurol ., 30:625-636 (1991)). Recombinant human nerve 
growth factor was infused into the lesion site of the adult 
primate brain. 

In this prophetic example, cDNA encoding NOP protein will be 
stably inserted into the brain of Alzheimer patients. The source 
of NGF is Gene Bank Accession No. V01511. The cDNA would be 
stably inserted into the forebrain where damaged cholinergic 
neurons are localized. The cDNA constructs using the CMV promoter 
plasmids and the liposome delivery methods for delivery of the 
cDNA to the forebrain neurons would be similar to that described 
in Example 6 above. (NGF cDNA, of course, would be substituted 
for the TH cDNA. ) Moreover, as discussed in Example 6, one 
skilled in the art would be able to monitor the patient to 
determine proper dosages and administration schedules. 

There is an addition or alternative to this treatment of 
Alzheimers patients. Since the brain derived neurotrophic factor 
(BDNF) is at low levels in the hippocampus of Alzheimers patients 
(Phillips et al., Neuron , 7:695-702 (1990)), and since BDNF 
promotes survival of forebrain cholinergic neurons in vitro 
(Alderson et al.. Neuron . 5:297-306 (1990)), cDNA constructs 
coding for BDNF protein could also be used to transfect 
hippocampal neurons in Alzheimers patients. The cDNA constructs 
using the CMV promoter plasmids and the liposome delivery methods 
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for delivery of the cDNA to the hippocampal neurons would be 
similar to "that described in Example 6 above, 

EXAMPLE 8 

Expression Screening System To Isolate 
cDNAs Which Induce Neurons To Proliferate 

Teratocarcinoma PCC7 cells (Pfeiffer et al., J. Cell Biol. . 
88.:57-S6 (1981)) were used as a model system in these studies. 
PCC7 cells were grown in Dulbecco's modified Eagle medium (DMEM) 
containing 10% fetal calf serum (Sigma) . Neuronal differentiation 
of PCC7 cells was induced with dibutyryl cyclic AMP (Bt 2 cAMP, lmM) 
and all-trans retinoic acid (RA, 0.5 ptm) • PCC7 cells stop 
proliferation and differentiate into neuronal like cells after 
treatment Bt^cAMP and retinoic acid RA. Differentiation is 
irreversible, as removal of Bt^cAMP and RA does not cause 
differentiation. 

To isolate genes whose expression causes differentiation and 
induction of proliferation, a subtraction cDNA library was made 
and cloned under the control of cytomegalovirus promoter. To 
generate the cDNA library, undifferentiated and neuronally 
differentiated teratocarcinoma PCC7 cells were used to isolate 
Poly A+ RNA using FastTrack mRNA isolation kit (Invitrogen) . 
Twenty micrograms of Poly A+ RNA from undifferentiated cells was 
used to synthesize first strand cDNA. Oligo dT primer with a Not - 
restriction site at the 5 'end 

(CTAGATCGCGAGCGGCCGCCCTTTTTTTTTTTTTTTTT) , Superscript RNaseH- 
reverse transcriptase (200 units per ptg of Poly A+ RNA, Gibco) , 
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and P dCTP (50 j*Ci, >3000 Ci/mmol, Amersham) were used for 
first strand synthesis followed by alkaline treatment to remove 
RNA. First strand cDNA was hybridized to poly A+ RNA (200 j*g) 
isolated from differentiated cells in sealed ampules (total volume 
100 fiml, buffer 0.5M sodium phosphate, pH 6.8, 300 mN NaCl, 2mM 
EDTA and 0.2% SDS) for 18 h at 70°C. The hybridization mix was 
diluted to a final molarity of 0.08M sodium phosphate, loaded on a 
DNA grade hydroxy lapatite column (4 ml volume, BioRad) and washed 
extensively with 0.08M sodium phosphate buffer (pH 6.8). Single 
stranded cDNAs were eluted in 10 ml of 0 . 15M sodium phosphate 
buffer. Column fractions (0.5 ml) exhibiting radioactivity above 
background were pooled, and the cDNAs were concentrated, by butanol 
extraction followed by chromatography in STE buffer (100M NaCl, 
lOmM Tris-HCl pH 7.4, 1 mM EDTA) on a Sephadex G-25 column 
(Pharmacia) . Single stranded cDNAs were mixed with 40 nq of poly 
A+ RNA from differentiated cells for the second cycle of 
hybridization and this yielded 0.6 of first strand cDNA (>95% 
efficiency) . First strand cDNAs were hybridized with 5 /*g of the 
original Poly A+ RNA isolate (undifferentiated cells) and the 
resulting DNA/ RNA hybrids were precipitated for second strand 
synthesis with RNaseH and E. coli DNA polymerase 1 (Gibco) . Blunt 
ends were created with T4 DNA polymerase, and the Hindi I I adapter 
5' AGCTTGGCACGAG 3' 

3 ' ACCGTGCTC 5 ' , 

was litigated to the cDNA. Preparation of cDNAs longer than 700 
bp for ligation into the expression vector (pRc/CMV, Invitrogen) 
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was performed by digestion with Notl followed by size selection on 
a Sephacryl S 400 column (Pharmacia) . cDNAs were cloned into the 
expression vector, pRcCMV (Invitrogen) , between Hindi I I and Notl 
restriction sites. The library was divided into 26 aliquots and 
used to transform E. coli DH5 cells (MAX Efficiency, Gibco) . Each 
aliquot yielded 5-8 x 10 3 colonies which were combined and grown 
for large-scale plasmid isolation (>plasmid< maxi kit, Qiagen) . 
The cDNA expression library has 2 x 10 5 independent clones with an 
average insert size of 1.5 kb (range: 0.6-3,7 kb) . The cDNA 
library in pRcCMV vector was transfected into neuronally 
differentiated PCC7 cells. PCC7 cells were differentiated in the 
presence of RA and Bt 2 cAMP for 3 days before transf ect ion. 
Transfection of the cDNA library was performed by the calcium 
phosphate coprecipitation technique using 20 fig of DNA per 100 mm 
tissue culture plates (Falcon) at a cell density of 2 x 10 6 cells 
per plate with an incubation time of 15-16 h. Each aliquot o£ the 
cDNA library <n=20) was used to transf ect cells in 20 plates. 
Transfectants which were stably proliferating were identified 
following culture of cells in the presence of 400 fig/ml G418 
(Gibco) for 18-21 days. Proliferating clones were isolated and 
subcloned 

Chromosomal DNA was isolated from these clones and used in 
PCR to amplify the transfected cDNAs. Genomic DNA was isolated 
using chromosomal DNA isolation kit (TurboGen, Invitrogen) and 
used as a template for amplification of cDNAs by polymerase chair, 
reaction (PCR) . Primers for cDNA amplification corresponding to 

- 38 - 



flanking sequences in the pRcCMV vector (5' primer 

5 ' AGCTCTCTGGCTAACTAGAGAAC and 3' primer 5 ' AGCGAGCTCTAGCATTTAGGTGA) 
were synthesized, and 35 cycles of PGR were performed using the 
following conditions: 92°C 1,2 min. , 58°C 2 min., and 72°C 4 min. 

Amplified DNAs were cloned into EcoRV site of Bluescript 
plasmid (Stratagene) and sequenced from both ends using T3 and T7 
primers. Isolated cDNAs with vector (pRcCMv) sequences were 
subcloned into pRcCMv expression vector between Hindi 1 1 and Not I 
sites and retested on differentiated PCC7 cells. From the 
original three proliferating clones, 18, 21, and 17 cDNAs were 
retested. Three cDNAs from this second screening which induced 
proliferation were characterized. Sequence analyses (partial 
sequences) reveals that one cDNA is the mouse homolog of human E2F 
(Gene bank accession number M96577) , and the other two cDNAs , 
which are Regulators of Neuronal Proliferation, coined RNP-1 and 
RNP-2 by the inventors here, have no significant homology to any 
GeneBank sequences. 

EXAMPLE 9 

Nucleotide Sequences Of RNP- l and RNP-2 

Determination of the sequences of RNP-1 and RNP-2 regulators 
of neuronal proliferation isolated from the expression cDNA 
library was accomplished as follows: 

The HindHI-Notl fragments of both RNP-1 and RNP-2 were 
subcloned into Bluescript KS (Stratagene) plasmid and sequenced 
using Sequenase version 2 sequencing kit (purchased from United 
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States Biochemicals) . The partial nucleotide sequence of RNP-l is 

as listed below: 

TTTTTCTTGT CTTTTGCTTC GGGCCGATTG TCGCTCACAA AAAAAGAAAA AAAACAAAAA 60 

ACAAAAACCT GAGCTACCCT TTCCAAAACC CCGAGCAGCT CTCGTCGATT TCTGGAGCTC 12 0 

GGAGCCGCCG GGTGCTGCGA GCGCCGGACG CAGGAGAGGG GAGCAAAGCA AATTGCGGCG iao 

GGGGACCGAG CTCGCTCTGC TTGTCGCGGT CCTCTCCAGA AGCGCGCGAT GAAGGCGGTG 240 

AGCCCGGTGC GCCCTCGGGC GTCAAGGCGC CGTCGGGCTG CGGCGGCGGG GAGCTGGCGG 300 

TACGCTGCCT GGCGGAGCAC GGCCACAGCC TGGGTGGCTC GGCAGCCGCC GCCGCCGCTG 360 

CGGCGGCCGC GCGGTGCAAG GCGGCCGAGG CGGCGGCCGA TGAGCCGGCG CTGTGCCTGC . 420 

AGTGCGATAT GAACGACTGC TACAGTCGCT GCGGAGGCTC GTGCCTACCA TCCCGCCCAA 4 80 

CAAGAAAGTC AGCAAAGTGG AGATCCTGCA GCTGGCGCTG GAGACTCACC CTGCTTTGCT 540 

GAGACAGCCG CCACCGCCCG CGCCACCTCT CCACCCGGCC GGGGCTTGTC CGGTCGCGCC 600 

GCCGCGGACC CCACTCACCG CGCTCAACAC TGACCCGGCC GGCGCCGTGA ACAAGCAGGG 660 

TGACAGCATT CTCTGCCGCT GAGCTGCGAT GGATGGCCAG GTGTGCGGCC GCCTGAGCAC 72 0 

CAGCGAGCCA GGAGCCCTAG GAAGGGAGGG CCAGAGCAGA AATTAAGAGA AACAAGCCAC 780 

CGGAGGAAAG GGGGGGAAAT CTTCAGCAAA TCTAGAGTCG TCTCGTCTTG TCATTCCAAG 84 0 

AGAGAGAGAG AGAGAGAGAG AGAAGGGGAA AAATAAAACT TAAATTCACT TTTACTTTTT 900 

TTGCACGTTC ACGAGCATTC ACCGTACGTA TTCTCTTCGT TCTTCTTTAT GACCGCTGTG 560 

AATTGTACGT TTCTGTGGTT ATTTTTATCA CCCTTTTGAA GGTGCAGTTA AACTTCGAAG 1020 

CTTAAGTGTT GTCGACCAGA CTGCTAAGTA GAAGAGCAAT CGTGAATCCA ACCTTAGAGG 10 8 0 

CTACATTGTG ACAAGGGAAC TGTTTTGTTT TTGAAGCTTT ACTAATATAC CAGAGCACTG 114 0 

TAGATATGTT GTTTTACATC TATTGTTTAA AATAGATGAT TATAACAGGG CGGGGAACTT 1200 

TTTCTCTGCA AGAATGTTAC ATATTGTATA GATAAGTGAG TGACATTTCA TACCCTGTAT 12S0 

ATATAGAGAT GTTCTATAAG TGTGAGAAAG TATATGCGCT CTCGTGCCG 130 9 
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The 


partial 


nucleotide 




of i e 


listed below: 




ATCATGGACT 


CAGTTCCGAA 


AACCAACAAA 


ATAGAACCGC 




U\i 1ATTCCT 


60 


AGCTGCGGTA 


TCCAGGCGGC 


TCGGGCTGCT 


TTGAACACTC 






120 


CTTCGGGCCC 


CGCGGGACAC 


TCAGCTAAGA 


GCATCGAGGG 


GGCGCCGAGA 


CGAAGGGGTC 


180 


TACAGAACTG 


CTGTCTTTTC 


AAAGTGAAAA 


TGCTCGCCCT 


TCATTTAACA 


CTAAAGCATA 


240 


ATGTCATGAA 


GTTTCATATC 


TGTACAGATT 


ATTTAAATCA 


TAGAAATGAA 


AAATGTTCTC 


300 


TGCTTGCTAC 


CAAAGGACAA 


ACTCTTGGAA 


ACGGACATTT 


TCTGCCCTCC 


TCGTGCCGAA 


360 



TTCATATCAA GCTTATCA 
REFERENCES 

The following documents, and the other references cited in 
this application are expressly incorporated by reference herein. 

1. Kaplan, M.S. & Hinds, J.W. Science 197, 1092-1094 (1977) . 

2. Bayer, S.A. Exp. Brain Res. 46, 315-3323 (1982). 

3. Altman, J, & Bayer, S.A. J.Comp. Neurol. 301, 365-381 (1990). 

4. Angevine, J.B. & Sidman, R.L. Nature 192, 766-768 (1961). 

5. Takahashi, T., Nowakowski, R.S. heaviness, V.S. 
J.Neurocytol. 21, 185-197 (1992). 

6. Nevins, J.R. Science 258, 424-429 (1992). 

7. Mudryj, M w Devoto, S.H., Hiebert, S.W. et al . Cell 65, 
1243-1253 (1991) . 

8. Schwarz, J.K. Devoto, S.H., Smith, E.J. et al. EMBO J. 12, 
1013-1020 (1993) . 

9. Chellappan, S.P., Hiebert, S., Mudryj, M. Cell 65, 1053-1061 
(1991) . 

- 41 - 



10. Hiebert, S.W., Chellappan S.P. Horowitz, j.m. Genes Dev. 6, 
171-185 (1992) . 

11. Zamanian, M. & LaThangue, N.B. EMBO J. n, 2603-2610 (1992) 

12. Weintraub, S.J., Prater, C.A., Dean, D.C. Nature 358, 
259-261 (1992) . 

13. Hamel, P. A., Gill, R.M., Phillips, R.A. et al. Molec. cell. 
Biol. 12, 3431-3438 (1992) . 

14. Dalton, S. EMBO J. 11, 1797-1804 (1992). 

15. Shirodkar, S. Ewen, M., DeCaprio, J. A. et al. Cell 68, 
157-166 (1992) . 

16. Zhu, L. , Heuvel van den, S., Helin, K. et al. Genes Dev. 7, 
1111-1125 (1993) . 

17. Okano, H.J., Pfaff, D.W., Gibbs, R.B. J. Neurosci. 13, 
2930-2938 (1993) . 

18. Bernards, R. , Schacleford, G.M., Gerber, M.R. et al. Proc. 
Natn. Acad. Sci. U.S.A. 86, 6474-6478 (1989) . 

19. Helin, K. , Lees, J. A., Vidal, M. Ct al. Cell 70, 

337-350 1992) . 

20. Gu, W., Scneider, J.W., Condorelli, G. et al. Cell 72, 
309-324 (1993). 

21. Holmberg, E. G. , Maruyama, K. , Litzinger, D. et al. Biochen 
Biophys. Res. Comm. 165, 1271-1278 (1989) . 

22. Chellappan, S.P., KrauseV.B., Kroger, B. et al. Proc. Natn 
Acad. Sci. U.S.A. 89, 4549-4553 (1992) . 

23. Cao, L . , Faha, B. , Dembski, M. et al Nature 355, 176-179 
(1992) . 

- 42 - 



24. Neuman, T. , Keen, A., Knapik, E. et al . Eur. J. Neurosci. 5, 
311-318 (19-93) 

25. Goodrich, D.W., Wang, N.P., Qian, Y.-W. et al. Cell 67, 
293-302 (1991). 

26. Qin, X.-Q., Chittenden, T., Livingston, D . M. et al. Genes 
Dev 6, 953-964 (1992) . 

27. Johnson, D.G., Schwarz, J.K., Cress, D.W. et al. Nature 365, 
349-352 (1993) . 

28. Lee, E.Y.-H.P. Chang, C.-Y., Hu, N et al. Nature 359, 288-294 
(1992) . 

29. Jacks, T., Fazeii, A., Schmitt, E.M. et al. Nature 359, 
295-300 (1992) . 

30. Clarke, A. R. , Maantag, E.R., et al . Nature 359, 251-254 
(1992) . 

31. Suda et al., NeuroRePort . 5:1749-1751 (1994). 



- 43 - 



Llpoeoaal Dolivory of rUnU m to 011*1 calla 

Irio 0. lolabory*, euaatia ft. l*«o*\ ftldoa 8. OeieorV, 

Jesae l»* 



*Bepertaeat of Cheaistry/ Physics ^4 "aepartaeat of biology 
tteivereity of Alaska Anchorage, Aachorago, Alaska, tfSQt, *bapertx*at of 
Aaatoay ^ neurobiology, Vaivereity of 
Tennessee, Meaphis, Tennessee 3U«. 



sunaaryi iMunolipoacaae wero constructed with aa antibody epeclf ic to glial 
celle. They vara used to exaaiaa tha specificity and offieaey of call typo 
plaaaid tranafaetiea* Lipoeoaea containod a |-galactoeidaeo gaaa under coatrol 
of an SV-4Q proaetor. two different aoaoclonai antibodiao of a different 
eubelaso, XgM and Xgd, vara exaainad for thair targeting ability ueing 
laauaolipoeoooe. culturad CS glioaa (specific target coll typo) and Mil 3T3 
{control coil typo* fibroblast) calla vara tr ana fee ted ueing thaao 
Urttunoilposooas* Results indicata a throe-fold incraaao in tranafactioo by the 
glial • pacific laaunollpoeoaee, •glieaoaee*, in glial call culture ovar control 
lipoeoaas. Gliaaoaes wero- exposed to XXX 3T3 calls and showed no enhanced 
tranaf action ovar control lipoeooee. oliascoes vara taatad for thair apacifieity 
by tho addition of axcaaa antibody to tha call culture in ordar to saturata 
•pacific reeaptors on Ct glioaa calls* ft e suits indicata a raducad tranafaction, 
naarly three-fold, in calla that were saturated with axcaaa antibody prior to 
axpoauro to tha laauaolipoeoaee. 



Zatroduetioat Lipid basad carriar systeae havo been suggested aa a posslbla 
solution to tho problasi of intracallular delivery of non-permeable eeleculee to 
cells. (1*4) several lipid basad carriar systeae ara coaBorclally avallabla for 
pU staid tranafaction of call culturee. <$-€) Tha oechanleaa of delivery and 
physical structures of thaso coaplexee ara not wall understood. Preblcos with 
thaaa delivery eyeteas includa tha spacifieity of doiivery and thair caliuiar 
toxicity. 

Tha utilisation of a lipoecaa can poaaibly overcoaa tha probleaa associated 
with lipid complex eyetne. Llposoao basad tranafaction systeae havo basn refined 
by a variety of construction methods, component composition, and tha chemical 
attachaant of a variety of Uganda such as proteins and carbohydrates, (7) 
Hol*berg, et al., have shown a significant increase in tha targeting efficiency 
of liposomes by tha attachaant of a monoclonal antibody to a lipoaoao to fora an 
uanunoliposome. (8) Although tha targeting efficiency of iswunoiiposoaos has been 
shown to bo incraaaad and tha apparent toxicity la low, tho eff icacy of delivery 
of biologically activo agents has not been ahown by thie oethod. 

Wo havo utilised a pS-seasitivo Lnaunoliposooa in conjunction vt>tn 
antibodlea opoclfic to glial calla to deliver plaaaid OHA. Targeting antibodies 
were tested for spacifieity and croaa reactivity by tha addition of excess free 
antibody to tha calla prior to transf action with glial spocific iaaunoliposcaes, 
gliasoaaa* 

experimental Procedures t ... • f kf^«fcM 

Kate rials* tipids ware obtainod froo Av.nti Polar^ x «»- 
AL) * l-Ethyl-3-(3-diaathylaainopropyl)carocdiiaide > <"f> It " 
hydroxyeulfeeuceiniaido ware obtained frca <^*'°!±* Jz^l 

Choleeleroi, oleic acid, and ail other cheaicaia wore obtainod froa Sigaa 



Chaalcal Co. (St. to. .a, MO) Lipofectia *nd Transfer * w« c « QbtAi hA *d fr« 
oibco Leboratariec. (Craad tilud« MX) 5CW 
U tllo<l Mt Tha aoaoclooal utibody 13-21 m eeaarated from « fuaioo of lvmo* 
aodee ia whleb two alee wore immunised with * preparation of external — -rTna 
and associated proteins produced fro* mixed primary culturee of ret carebrei 
eoctw* Cell* froa the nieutil ret cortex were cultured uelng methode 
previouely described (9). fragmente of the external aembrane of the cultured 
cells were prepared following ch« procedure described by Meff at ai. uo> 
Antibodiee won tested using an iaaunoblot analysis, two subclasses of 
antibodiee were determined, S-113 was IglC subclass and 13-21 vii IgC subclass, 
and both were used ee targeting Uganda, Both monoclonal antibodiee verm 
determined to bo glia epecifie via Indirect immunofluorescence staining. 
(Ceisert, data not thorn) 

Xamuaellpoeoae Preparation! laaunoiipoeoaae were pr epared ae described earlier 
<«) with tho exception that plasaid on was added and tho eat ire mixture wee 
dlalyxed for 4a houra at 4*0 ia tho final step. After dialysis, liposomes were 
cited four timaa through a 0.4 ua Hucieopore aembrane. Liposomes were ssparated 
froa frao plaaaiid om and unconjugated antibody oa a tloCol Al.SK column, 
liposomes worn dilutad to a coneantration of lag/mi total lipid, tlasmld OHA and 
antibody concentrations worn determined to bo 0.02 Sag/ el and 0.25mg/ml, 
reapectivcly, in tho standard lag/al total lipid Uewnolipoeome solution. 
Plasaid Preparations A OHA plasaid containing tho earker gano 9-galactocldase 
was obtained from Promega Corp. (Madison* *X) tho plasaid OKA was amplified ia 
coli OHS-alpha ceils and recovered by alkaline extract ion. (11) tiaamid wee* 
purified by paesago through Quiageo eoiumne. (Qulagen Inc., chatsworth, CA) 
Cell Culture Assays H1H 3T3 fibroblasts and C« glioaa cells wore seeded in 
six wall platee and allowed to grow to SO%-75% conflueacy. Calls were rinsed 
with eerua free nedla and allowed to e<cuilibrate* Lipoeoaee were added to tho 
cells and gently rocked for 1 hour. Sxpcriaenta designed to test the specif iclty 
of the lipoeoaee transfectlon necessitated the addition of free antibody to tha 
cell culturee prior to the addition of the lamunoilposomee. After 1 hour of 
exposure to tho free antibody, the cells ware rinsed and inmunollpoecmae war* 
added in serua free media with aild agitation. After rocking, the celle were 
rinaed and serum*containing oedia wae added and cells were incubated at 17* C ia 
S% CO, for 4« hours. Treated ceils were rinsed and lightly fixed in 3% 
paraformaldehyde. rixed celle were treated with X-gal ae previously 
described. (12) celle expressing l-galaetosidase appear blue after the addition 
of X-eal. cells were aieroecopleally examined and eounted with traneforaed ceils 
expressed ae e percent of the total ceil popuiatioo. Data were determined to to 
atatieticaily significant using a students* t-teet. 

xesultst tawunoliposoaes were constructed using antibodiee 5-113 and 13-21, 
which bind specifically to glial calls, and containing a 0-galaetosidese 
expressing gsne. aire liposomes, containing plasaid hut with ae attached 
targeting antibody, were constructed as a control for iaauaoliposomes. to 
compare the efficiency of lamunoliposooe transfectlon with other cosmcrciaily 
available methods, cells were transfected using lipofectin and transferase. 
Celle were also axpeeed to an aliquot of free plasaid . 

Figure 1 illustratee the percent of transfected cells versus the 
transfsctloa aothod for ce glioma cells. Results in figure 1 indicate that 
maximal transfectlon occurred when cells were exposed to immunolipoaomee with 
conjugated antibody S-112 when identical concentratlone tlOug lipid/well of 
cells, 75% confluent) of irwunoiiposcmee ware added to tho celle. The 
tranefection rata w». 43.7t4.2t (n-3) as determined by differential cell 
counting. A aaaliar percentage of calls ware transfscted when expoeed to 13-21 
conjugated i«unolipo.o— , ia.ltl.5% <n-3> of tha cells wore traneforaed. 
Background tranefection via lipoeoaee is quantified by the addition of bare 
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UpoMCM*. traaaf.eeion affici.ney for bar. llp^..©*.. W 4« i0.2to.57% 

(a-3). 

Ct OlloM Mill war. traaif.ct.d »u two cooanreially .Taiiabia oathoda and 
by tM addttloo of frto plaimld. Aaaulti indicate a traaaf.ctlea rate of 
4.3*2.1% «lta lipofectin. K« d.t.ctable t*an.f.ctloo waa oba*rr«d when 

eall. v*r. tranafactad with Tran.f*et*.e or frao pl**«ld. (Oat* ooc .nova for 
Tranif.cta*o) 

To axaaine the transaction apecificity to cell type of S-113 and 13-21 
ioaunollpoioMi, MXH 3T3 fiarobUiti wera expeioa »U tha abowe eoatloned 
transection aethodi. Figure 2 illuitxate. th. parentage of ctlU t*an.f««ted 
v«r.u. the traduction aethod. Maxia.1 traaaf.ctioa occurred whoa lipofectin 
was u.ed ai 4 transaction carrtar, 17.4*2.*% (n-3) traa.f.c«ioa efficiency we. 
obierved. R..ult. with bar. lipcoaee indicate a transection fr.gu.ncy of 
10.111.5% <n-3>, a rat. o«arly identical to that of th. C* glloaa colli. Ko 
detectable transaction wa. ob*.rv*d wh.a cells w.r. .apeied to tranS«cta.« 
(data not ahovn), fr«e plaaaid, or S-113 Ut.uaollpo.OMO. A ~ry low 
transection race, 1. 1*1.7% <n»3> wa. obaerved whoa 3T3 eoll. w.r. c*po.ed to 13- 

21 isnuaollpoiomoi. 

To teat th. spoelfieity of transection. tL Laaunoilpoeoaee, collo w.r. 
pr.saturacd with £r«. antibody pri.cr to «xpe.ure to tho Uaaunolipoaoaa.. 
Pr.eaturation of th. c.U-aurf ac. antigen, ahould block apeclfic lit., and r.duc. 
tho apeclfic binding to approximately background liv.li. figure 3 iiluatr.t.o 
th. p.rc.nt of t ran. formed CS glioma cell. v.r.u. tranafectioa r.hicl. wh.a collo 
wor. pr..aturat.d by .ith.r apocific antibody or with tho iddltioa of oo 
antibody. Little variation In background transection level, wao observed for 
tho addition or plaaaid containing baro lipcoo.. with or without th. prior 

addition of frto antibody. 

Antibody S-113 Uwuncilpo.oa«. w.r. added to C« gltoao colli la culture with 
aod without tho praaaturation by .ith.r antibody. A tran.f.ctlon l.v.l of 
42.8*4.2% <n»3> wa. ob..rv.d with th. addition of S-113 i-unolipoae*... 
Transaction l.v.l. wr. educed chr.. fold -ith th. prior addition of S-U3 
fr.o antibody (13.2*2.2%. n-3) « th. c.Ua. Tran.f action l.v.1. w.r. cduc.d 
. P pro«i-at.ly twofold with th. prior addition of antibody 13-21 (22.1*3.91%. n«3) 
whin S-U3 u-unoilposc-. w.r. added to eh. eall.. 13-21 

add.d to C* glioma coll. and had a tranafectioa .fficl.ncy of 31.7*5.39% (£> . 
12-21 i.-uaollpo.o... w.r. add.d to c* gll~ with and without prior tr.4ta.nt 
of antibodi.. 13-21 and S-113. Prior oration of th. c.U. <*» 
r..ult.d in a .light, but in.i,nificaot (? <0. S 0>. <° 
3 4.7*S.91% (n-3>. >r...turatlon of th. cell, with ant^ody £»j£< « 
addition of 13-21 i-«nolipo.c«. ce.ultad in an approaiiaat. 40% d.cr..« 
tran.f. ction «ffiel«ncy to 17.7*2.7% (n»3). 

01.cua.ioa. Ho^rg al. ..cabliahad aucc.ful ^^^"^^ ^ 
M n conjugate antibody/diaiy.i. o«nod of i«unollpo.<». ...-ably- 
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quaetiom exlate reqa<?3iag kj^mollpQ effie4cy with r**p«ct to their Ability 
to dmii*** bloactirm materlela such 40 drugs or geneo. in addltioa to 
eucceeeful dmliwmry 4M erpression of pUemid 0» wm hare tested tvo 
iMBinollpotnM J*HMtructe with different subclasses o€ antibody directed to glial 
cells for a targeting ligand. 

Rasulta In figure 1 illustrate a thrae fold Increase La the percent of 
trensfected ctlli with the uee of the 5-113 antibody {IgK subclass) conjugated 
immunoilpoeomme orer control lipoeomes and an approximately two fold increase ic 
traneffoction efficiency with 13-21 antibody (XgC subclass) conjugated 
ijuunoiiposemes orer control lipoeomee. X cooeietent background level of 
transaction, approximately 10%. la both «H 3T3 calia and C* glioma cells wee 
obeerred for tr ana faction by control bara lipoeomee containing tha plasaid. 
Specific immunolipoeomee, •giiaaomee*, were more afflciant in thalr tranafaction 
afficiancy than tha cationic lipid complex methode uelng lipoffectio end 
tranafaccaee. 

Tha call •pacificity of tranafaction ie illuitratad by tha incressed 
tranafaction of CS glioma calif when compered to idantical tranefectione wtth MIR 
3T3 cells. A incraaaa in transaction frequency occurrad with both typaa of 
gliaeomee. 5*113 imunoiipoeomee demonetrated no measurs&ie ability to tranef act 
NIH 3T3 call* in culture whereae a transaction afficiancy waa ooserved witA 
CC glioma. Socom tfXH 3T3 calla wara transffscted with 13-21 Immunol ipesomee but 
with an afficiancy of approximately 10 fold itsa than tha tranafaction af f iclsacy 
of CS glioma. 

specificity waa alao damonatratad by tha raduction ia tranafaction of C6 
glioma calls following prasaturation with f raa antibody prior to tranafaction via 
Uuunoliposomee. Data in figura 3 indicata a three fold reduction in 
transfaction rata from S-113 Uwunoilposomee with prasaturation of tha calls with 
fraa S-113. Tha addition of 13-21 prior to tha addition of 5-113 Uaaunoliposcmas 
resulted in 4 reduead tranafaction efficiency. This effect could possibly bm 
from a shared epitope or a sterie hlndrsnce of binding on the cells surfsce at 
or near the binding site* Transfaction efficiency *ae reduced to background 
leveie with tha sddition of free S-113 prior to transfectioo with S-113 
iitmunoliposomee indicating a large 4mount off the binding ie specific. 
Presaturation of tha calla with either S-113 or 13-21 had no significant sffffsct 
oa tha tranafaction efficiency off bare liposomes. Examination of antibody S-113 
pre saturated CS celle prior to tranafscticn with 13-21 immunoliposcmes showed no 
significant iacreaam in thm transfaction rate. Thia observation indicates that 
a shared epitopm ie unlikely for the two intibodiee and that a steric effect is 
probably tha cauem for decreaaed twnefectlon ffor the S-113 i*muno lipoeomee with 
prasaturation of 13-21. Thia effect could be due, in part, to the sire of S-U3, 
IgK subclass, versus the siae of 13-21, Ig<5 subclass. \ smaller reduction m 
tranefectloa frequency waa obeerred for 13-21 immuno liposomes with presaturation 
of 13-21, an approximate 30% reduction in transfaction rata was obeerred. 

in conclueion wm hare ehown thia mild conjugation technique and liposome 
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» mm +lT -thod I c« , to construe* tmmuaoliposcm ^ tRhAnc# 

tranafactloo •ffieiancy end apacifleity ?*ia transfsctton mothod La *c 
•pacific aad affielaat tlua Lipid eomplax Mttodi aad but plasmid contain*!^ 
liposomas. Thasa liposomal haTa the potential to carry deuga or gsaaa to targsc 
sltea ia viro ^or la vitro. wa b*»» prasantly bagua exparlmaate to datacmina tha 
feasibility of plasmid gone dslivsry ia brain and spinal cord with glial opoclxte 
immune iiposemms. 
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Figure legeadas 

riguxa 1: IS ul of liposomas (Img/mi total lipid, 0.2Smg/ml antibody, 

0.02Sag/ml plasmid DMA) wera addad to C8 glioma calls at 7S% confluence. After 
sxposura to iamuaollposomee calla vara fixed and assayad for axpraasloa of J- 
galaetosidasa* Trenaformad colls vara eouatad and aro axprassod as a function 
of tha parcsnt total call population t 5.0. (n*3). (8t) bars liposomes, (113) 
5-113 iamuno liposomes, (1321) 13-21 iawunoiiposcmee, (If) lipofactin, (FMl) free 
plasmid. ?ree plasmid transfaction had lass than 1% tranafection. 



Figure 2t 15 ul of iiposomee (img/ai total lipid, 0.25mg/ml antibody, 

0.02Smg/al plasmid OKA) were addsd to MXU 3T3 calls at 75% confluence. Aftsr 
sxposura to iaBunoliposomes calla wsre fixsd and assayad for exprsssion of , 
galaetosidasa. Transforms* calla wars countsd and ars sxpressed as a function 
of tha psreant total call population t S.O. (n*3). (8t) bara llposomas, (113) 
S-113 Umunoiipcsomes, (1321) 13-21 iawunoiiposcaee, (LT) lipofectln, (FMt) free 
plasmid. 113 and frsa plasmid transfsctloa had lass thaa 1% tranafection. 



Figure It C5 glioma calls vara prssaturatsd with antlbodiae S-113 (113), 13- 
21 (1321), and control buffsr (-) at 4-C prior to sxposura to aara liposomsg 
(at), 5-113 ioaunollposomaa <U3), and 13-21 ixsminoliposomas at 37*c to block 
spacific binding sitsa locatsd on tha csil surfaca prior to transf set ion. 
aiockara ara smallar easa and transfsction liposomas ara largo casa ch^ractsrs. 
Transformad calla vara countsd and ara sxprsssad aa a function of tha parcent 
total csli population a S.O. <n*3). 
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Summary 

Immunoliposomes were constructed using antibody 5-113 (directed to 
an antigen on the external surface rat glial ceils), the antibody Thy 1.1, and a 
aon-immunc antibody. The antibodies west conjugated to N-gluyxaryi- 
phosphatidylethanolamine. The conjugated antibodies, a fi-galactosidase 
plasmid under the control of the Cytomegalovirus promotor, and other lipid 
components were constructed into liposomes. The three different types of 
immunoliposomes were injected into the brain and spinal cord of adult rats. In 
all animals, the X-gal reaction product was seen in neurons, astrocytes and 
vascular elements. There appeared to be an increase in neuronal labeling when 
animals were injected with Thy 1.1 conjugated liposomes and there was an 
increase in glial labeling in animals injected with 5-1 13 liposomes. In spinal 
cords, the immunoliposomes appear to penetrate a substantial distance, 
transfecting neurons several centimeters from the site of delivery. These data 
suggest that immunoljpQsarr.es may provide sr. effective transfection system for 
gene delivery in the CNS. 



Key Words: Liposomes. S Glactosidase. Plasmid DNA. Neuronal 
Transfection, Spinal Cord, Gene Therapy. 
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Introduction 

The study of gene expression and the use of genetic therapy k terminally 
differentiated cells of the nervous system requires the delivery of foreign geoes 
and promoters into neurons. One approach is the use of gene transfer by a viral 
system. The Herpes simplex vims vector is one of the viral systems used for 
gene delivery in the CNS [1,3,4], Another system uses the adenovirus to infect 
nerve cells with a high efficiency both in vitro and in vivo ( 9 }. An alternative 
method is the use of lipid based carrier systems as a means of delivering plasmid 
DNA directly into the cells of the brain and spinal cord [ 8 ]• Several carrier 
systems use canonic lipid-phosphaudylethanoiamine mixtures to form a lipid 
ligand complex [11]; however, there is a Lack of specificity in these delivery 
systems and a potential problem of cellular toxicity, 

A further refinement to this approach is the use of liposomal transaction 
systems that are constructed to increase the specificity of cellular targeting. 
Holmberg et al. ( 6 ] demonstrated an increase in targeting specificity of 
liposomes constructed of lipids covsientiy linked to monoclonal antibodies 
(immunoliposomes). These immunoliposomes deliver biologically active 
substances with an increase of targeting efficiency combined with a low cellular 
toxicity. In a previous study ( 7 ] f we used a pH-sensitive immunoliposome 
composed of phosphatidyiethanolamine, cholesterol and oleic acid to deliver 
plasmid DNA into cultured rat glial ceils. In the present study, two monoclonal 
antibodies were used in an attempt to target the liposomal delivery system within 



che braia and spinal cord. 

Liposomes were produced using a number of different components 
supplied by three different vendors: 1) Avami Polar Lipids, Inc. (Alabaster. AL) 
Dioleyphosphandylethanolamine (DOPE), and 18:1 N- 
Slutarylphosphattdyiemanoiarnine (NGPE); 2) Pierce (Rockford. IL) l-Ethyl- 
3(3-dime%lainmopropyl)carbcKliimide (EDQ and Hydroxysulfosuccinimide 
(S-NHS); and 3) Sigma Chemical Co. (St Louis. Mo) all other chemicals. 
Several different monoclonal antibodies were used in the construction of the 
immunoliposomes. The Thy 1.1 monoclonal antibody was produced using a cell 
line (ATTC TIB 100) purchased from American Type Culture Collection. The 
monoclonal antibody 5-1 1,3 was produced in one of the authors laboratories 
(EEG). Monoclonal antibodies were purified from tissue culture supernatant. 
The monoclonal antibody 5-113 is an IgM antibody that recognizes an unknown 
epitope on the external surface of cultured astrocytes. The mAb 5-1 13 is 
described in recent paper [ 7 ]. Non-immune IgM was purchased from ICN 
(Irvine, CA), 

Plasmids expressing the marker gene 8-galactosidase were purchased 
from PromegaCorp. (Madison, WI). The expression of the procein was under 
che control of either the SV40 early promoter (pSv-S-Gaiactosidase) or the 
cytomegalovirus promotor (pCMVS)- The plasmid DNA was amplified inE. 
coli Dh5-alpha cells and recovered by alkaline extraction . The final purification 
of the plasmid was achieved using an isolation Qiagen MaxL kit (Qiagen Inc., 
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Chatsworth, CA). 

rmmim oliposomes containing the piasmid DNA were prepared in a 
manner similar to that previously described [ 6 J. NGPE was dried in a stream 
of nitrogen and dissolved in a MES (2-<n-morpholmo)ethanesulfonic acid 
hemisodium salt) buffered solution of octylgiucoside (pH 5 J). The dissolved 
lipid was activated in the presence of EDC and S-NHS and incubated for 10 
minutes. The solution was neutralized with NaOH, the antibody was 
introduced, and the solution was allowed to react at 4oC for 10 hours. DOPE, 
cholesterol and oleic acid at a molar ratio of 4:4:2 were hydiated with NGPE 
conjugated antibody mixture and titrated with octylgiucoside until all lipids 
dissolved. Piasmid DNA was added and the mixture was dialyzed for 48 hours 
at 4oC The liposomes were sized through a 0.4 urn Nucleopore membrane and 
the liposomes were adjusted to a concentration of 1 mg of total lipid/ml of 
solution. 

Two different experimental models were used to test the effectiveness of 
the immunoliposomes in delivering piasmid DNA within the CNS. In the first, 
the brain was injured by cutting through the cerebral cortex, the internal capsule 
and the fimbria with a scalpel blade and implanting a cannula for future delivery 
of the immunoliposomes. The general surgical procedures used in making the 
lesion and for implanting the cannula were previously described [ 5 ]. In brief, 
Sprague-Dawley rats (250 gr) were anesthetized with sodium pentobarbital (60 
mg/ kg) and sterile surgery was performed. A single lesions was made 
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unilaterally by passing a scalpel through the cerebrum in the coronal plane, an 
indwelling cannula (Plastics One) was implanted into the lateral ventricle on the 
side of the lesion, and the cannula was fixed to the skull with dental cement 
Following a survival period of 60 days approximately, the animals were deeply 
anesthetized with sodium pentobarbital, the cannula was opened and the 
immunoliposomes were delivered at a rate of 0.5 ul/minute with a total volume 
of 10 ul. Two days after the delivery of the liposomes, the rats were overdosed 
with sodium pentobarbital ( 100 mg/kg) and perfused through the heart with 4% 
paraformaldehyde in phosphate buffer (pH 7.4). 

In the second set of experiments a single injection of immunoliposomes 
was made into the spinal cord of Sprague-Dawley rats (250 gr). The animals 
were deeply anesthetized, a laminectomy was performed atT8 and the dura was 
reflected. A 26 gauge needle was lowered 1 mm below the pial surface of the 
spinal cord and the immunoliposomes were delivered at a rate of 0.5 |il/min for a 
total volume of 5 fil. 10 jil or 15 |il. A small piece of gel foam was placed over 
the spinal cord, and 'he incision was sutured closed. The animals were 
monitored continuously until they recovered from the anesthesia. There were no 
noticeable problems associated with the surgery, the rats were able to bear 
weight on both hind legs and were capable of accessing their food and water. 
After a survival period of two days the animals were overdosed with sodium 
pentobarbital and perfused through the heart with fixative as described above. 
The brains and spinal cords were sectioned on a freezing microtome at 60 um. 
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The sections were rinsed in phosphate buffered saline (pH 7.2) and reacted with 
X-gai as described by Lin and Cbae [ 10 ). 

Four different types of liposomes were injected into the brain or the 
spinal cord: blank liposomes made of the identical lipid composition as the 
imraunoliposomcs with no conjugated antibody; liposomes conjugated to non- 
immune IgM; liposomes conjugated to the IgM 5-1 13; and liposomes conjugated 
to the IgM Thy 1 . 1 . Liposomes that were not decorated with antibodies were 
injected through cannulas chronically implanted into two brains and into che 
spinal cords of two rats. When the tissues from these animals were examined 
cherc was a weak labeling at the site of injection, either at the end of the injection 
cannula or at the site of injection in the spinal cord. In all of the cases some of 
the glia surrounding the injection site were labeled and in the injections into the 
spinal cord a few neurons were positive for B-galactosidase enzyme. This type 
of labeling was not observed in sections from sham injected control animals. In 
these control cases, no blue reaction product was found anywhere in the brain or 
spinal cord. Thus, the presence of the blue X-gal is associated with the injection 
of the piasmid DNA. 

Two different types of immunoliposomes (conjugated to 5-1 13 or to 
non-immune IgM) were tested in the adult rat brain. The liposomes were 
injected through a chronically implanted cannula into region of the glioiic scar. 
Some of the labeling observed in the chronically injured brains was similar in all 
of the injections independent of the type of immunoliposomes delivered. The 
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choroid plexus was labeled in all animals. In addition, at least some of the 
pericytes surrounding the vascular system within each of the brain were labeled 
This pattern of labeling was independent of (he type of antibody conjugated to 
the liposomes. The two brains that received injection of non-immune liposomes 
had the lightest labeling with modest diffuse labeling of ependymai cells, and 
some of the tissues adjacent to the ventricular system. The 5-113 
immunoliposomes were injected into four brains. There was an intense labeling 
of the ependyma and giiotic scar near the tip of the injection cannula in all of 
these animals (Fig. ID). Many of the cells within adjacent white matter were 
labeled and these cells had an astrocyte-iike morphology. Two of the animals 
receiving the 5-1 13 immunoliposomes had a few lightly labeled neurons near the 
site of injection and in the superficial layers of the superior coiliculus, la 
regions of white matter, such as the fimbria and corpus cailosum, cells that were 
morphologically similar to astrocytes and oligodendrotcytes were labeled with 
the X-gal reaction product. 

The immunoliposomes were also tested in the spinal cords of normal 
rats. Three different immunoliposomes were injected: Thyl.l 
immunoliposomes into 6 animals; 5-t 13 immunoliposomes into 3 rats; and 
liposomes decorated with a non-immune IgM into 3 rats. In every case, cells 
within the CNS were transfected with the plasirud DNA, as indicated by the 
presence of the X-gal reaction product. As was observed in the brain, ail of the 
animals that received plasmid DNA into the spinal cord demonstrated a labeling 
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of the pericytes surrounding the blood vessels. Near the site of injection there 
was * labeling of some neurons and ceUs with an astrocyte-like morphology. 
This cellular labeling at the site of delivery was observed in all animate ^ 
received plasmid DNA, indicating that high concentrations of plasmid containing 
liposomes resulted in a generalized cellular transfection. Differences were 
observed when the different types of liposomes were delivered to the spinal 
cord- 
In the animals injected with the non-immune liposomes, large cells with 
a neuronal morphology labeled near the site of the injection and many smaller 
cells were also labeled Some of these smaller cells were associated with blood 
vessels and others were not. In cases where the X-gai reaction product extended 
out into the cellular processes of these smaller cells, the cells demonstrated an 
astrocyte-like morphology. In these animals there was labeling of cells 
associated with the blood vessels for the entire length of the spinal cords. There 
was a labeling of glial-lilcc cells that faded within a centimeter of the injection site 
and neurons were only labeled within 2 to 3 mm of the injection site. 

When immunoliposomes were decorated with the antibody 5-113 there 
appeared to be an increase in the number of cells that were transfected with the 
plasmid DNA* At the injection site in all animals there was a labeling of a few 
neurons, and a number of gliai-like cells. Comparisons between the X-gal 
staining pattern in the 5-1 13 injected animals with the control animals revealed 
an increase in the number of ceils labeled. The neuronal and glial labeling 
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extended over a greater distance. The neuronal labeling was the heaviest 
immediately adjacent to the site of the injection and spread for approximately i 
cm in the rostral and caudal directions. Glial cells within the gray matter were 
also labeled for several cm of the spinal cord and in the white maner astrocyte. 
Ukt cells were labeled up to I cm from the injection site. 

The highest level of transfection was observed when the 
immunoliposomes were covalently linked to the Thyl.i mAb. Again in these 
animals, neurons and glia. were labeled at the site of injection. In the white 
matter adjacent to the site of delivery, there was a labeling of glial-like cells and 
cells associated with the vascular supply (Fig. IB). The most prominent feature 
in the Thy l.l immunoliposome injections was the large number of heavily 
labeled neurons within the gray matter of the spinal cord. Neurons of all sir.es 
and in all locations were heavily labeled (Fig. IQ. To test the ability of small 
amounts of inununoliposomes to trans feet neurons at a considerable distance 
from che injection sices, two rats received an injection of 5 of Thy 1.1 
immunoliposomes and the distance from the injection site was measured along 
chc spinal cord. In both of these animals, neurons over the eotire length of the 
spinal cord were transfectcd The intensity of the X-gal reaction product was the 
highest witJhin 5 mm of the injection site; however, the neurons within the spinal 
cord were labeled from the sacral through the cervical levels of the cord- 

The introduction and expression of genes in the CNS can be 
accomplished in several manners. Genes have been introduced into fibroblasts 
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cr brain cells prior to transplantation, using a vinl vector [ 2 ]. This approach 
may be of use as a potential therapy for genetic or acquired neurological 
disorders. The expression of plasmid DNA would appear to eliminate potential 
problems associated with gene delivery by viral infectious. However, Jiao et ai. 
C 8 J, have demonstrated that the expression of plasmid transfected genes is 
limited to only a few months, limiting the potential uses of this .type of gene 
therapy to acute neurological disorders. For example, gene therapy following an 
acute injury or an acute treatment of the brain or spinal cord. 

The present study demonstrates the delivery of gene construct into 
neurons using pH-sensitive immunoliposomes. These data indicate that pH- 
sensitive immunoliposomes are an effective means of delivering plasmtd DNA to 
neurons and glial cells. Although there was a high level of transfection, the 
degree of specificity observed in the earlier tissue culture study [ 7 }, was not 
observed in this in vivo study. Potentially, the specificity of gene experssion in 
this delivery system could be increased through the use of cell-specific 
promotors. The data from this study reveal the potential usefulness of the pH- 
sensitive immunoliposomes in gene therapy, for these liposomes are capable of 
delivering plasmid DNA over considerable distance within the brain and spinal 
cord. 
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Figure Legend 



Figure 1. The transfected ceils are illustrated in three photomicrographs taken 
from the normal spinal cord (A. B and Q of an animal that receive an injection 
of the Thyl.i immunoliposomes and one photomicrograph from a rat that 
received a stab wound of the internal capsule ninety days before an injection of 
5-113 immunoliposomes. At a low magnification (A) of a tangential section of 
the spinal cord the neurons within the central gray matter are quite visible. 
These cells are shown at a higher magnification in C In addition to the cellular 
labeling within the gray matter a number of cells are labeled with the X-gal 
reaction product in the white matter (B). Some of these cells appear to be 
pericytes surrounding blood vessels and a few of the cells have an astrocyte-] ike 
morphology. In D the labeling at the glial scar is shown. The cpendymal lining 
of the stab wound is heavily labeled with reaction product and within the 
surrounding tissue many small cells are labeled Based on the size of these ceils 
they appear to be reactive astrocytes. The scale bar is A equals 500 ma B. C 
and D axe at the same magnification and the scale bar in D equals 100 jjjtl 
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WE CLAIM: 

1. A method 'for inducing DNA synthesis in a differentiated 
neuron comprising: 

obtaining a vector comprising nucleic acid encoding an E2F 
regulator and/or an E1A regulator, wherein the vector can be used 
to express the nucleic acid in a differentiated neuron; and 

transfecting a differentiated neuron with the vector. 

2. A method as in claim 1, wherein the vector comprises 
pRcCMV and nucleic acid encoding E2F regulator and/or E1A 
regulator* 

3. A method as in claim- 1, wherein the vector comprises 
pRcCMV and nucleic acid encoding E2F regulator. 

4. A method as in claim 1, wherein the vector comprises 
pRcCMV and nucleic acid encoding E2F1 regulator. 

5. A method as in claim 1, wherein the vector comprises 
pRcCMV and nucleic acid encoding E1A regulator. 

6. A method as in claim 1, wherein the DNA synthesis is 
induced in vitro > 

7. A method as in claim 1, wherein the DNA synthesis is 

induced in vivo , 

8. A method as in claim 7, wherein the vector is included 

in immunoliposomes . 

9. A method for integrating DNA encoding a desired protein 
in a differentiated neuron comprising: 
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obtaining a vector comprising nucleic acid encoding an E2F 
regulator and/or an E1A regulator, wherein the vector can be used 
to express the nucleic acid in a neuron; 

obtaining DNA encoding a desired protein; and 
cotransf ecting a differentiated neuron with the vector and 
the DNA encoding the desired protein such that the DNA encoding 
the desired protein is integrated in the differentiated neuron and 
the desired protein is produced. 

10. A method as in claim 9, wherein the vector comprises 
pRcCMV and nucleic acid encoding E2F regulator and/or E1A 
regulator. 

11. A method as in claim 9, wherein the vector comprises 
pRcCMV and nucleic acid encoding E2F regulator. 

12. A method as in claim 9, wherein the vector comprises 
pRcCMV and nucleic acid encoding E2F1 regulator. 

13. A method as in claim 9, wherein the vector comprises 
pRcCMV and nucleic acid encoding E1A regulator. 

14. A method as in claim 9, wherein the DNA synthesis is 
induced in vitro . 

15. A method as in claim 9, wherein the DNA synthesis is 
induced in Vivo . 

16. A method as in claim 15 , wherein the vector is included 
in Immunol iposomes . 

17. A method as in claim 9, wherein the desired protein is 

L-DOPA. 
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18. A method as in claim 17, wherein the neuron produces 
catecholamine . 

19. A method as in claim 9, wherein the desired protein is a 
neurotrophic factor. 
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ABSTRACT OF THE DISCLOSURE 

A method is provided for inducing DNA synthesis in 
differentiated neurons. According to certain embodiments of the 
invention, a method for inducing DNA synthesis in a differentiated 
neuron is provided that includes obtaining a vector comprising 
nucleic acid encoding* an E2F regulator and/or an E1A regulator, 
wherein the vector can be used to express the nucleic acid in a 
differentiated neuron, and transfecting a differentiated neuron 
with the vector. According to certain embodiments of the 
invention, a method for integrating DNA encoding a desired protein 
in a differentiated neuron is provided that includes obtaining a 
vector comprising nucleic acid, encoding an E2F regulator and/or an 
E1A regulator, wherein the vector can be used to express the 
nucleic acid in a neuron, obtaining DNA encoding a desired 
protein, and cotrans fee ting a differentiated neuron with the 
vector and the DNA encoding the desired protein such that the DNA 
encoding the desired protein is integrated in the differentiated 
neuron and the desired protein is produced* 
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COMB INT ARATION FOR PATENT APPLICAT U.S. DEPARTMENT OF COMMERCE 

AND POWER OF ATTORNEY Patent and Trademark Office 
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. AttV. Docket No. 05800 , 0001-02QQQ 

As a be love named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) 
or an original, first and joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent is sought on the invention 
entitled: 

METHOD FOR INDUCING DNA SYNTHESIS IN NEURONS 



the specification of which: 



is attached hereto; or 



was filed as United States application Serial No. 08/362,495 

on January 10, 1995 and was amended 

on (if applicable) ; and 

was filed as PCT international applicat ion Number PCT/US94/14614 on 
December 19, 1994 and was amended under PCT Article 19 on 
(if applicable) . 

I hereby state that I have reviewed and understand the contents of the above- identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the U.S. Patent and Trademark Office 
information which is material to the patentability of claims presented in this 
application in accordance with Title 37, Code of Federal Regulations, §1.56 (a). 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of 
any foreign application (s) for patent or inventor's certificate or of any PCT 
international application (s) designating at least one country other than the United 
States of America listed below and have also identified below any foreign application (s) 
for patent or inventor's certificate or any PCT international application (s) designating 
at least one country other than the United States of America filed by me on the same 
subject matter having a filing date before that of the application (s) of which priority 
is claimed: 



PRIOR FORglGN/PCT APPLICATION (S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. 119: 



COUNTRY 
(if PCT, indicate PCT) 



APPLICATION NUMBER 



DATE OF FILING 
(dav, month, year) 



PRIORITY CLAIMED 
UNDER 35 USC 119 



Yes 



Yes 



Yes 



No 



No 



No 



Yes No 



| | 1 Yes 


No 


1 1 1 Yes 


No 
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(includes Reference to Pv iiiuernational Applications) 

Attv, Docket No. 05800.0001-02000 



I hereby claim the benefit under Title 35, United States Code, §120 of any United 
States application (s) or PCT international application (s) designating the United 
States of America that is/are listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in that/those prior 
application (s) in the manner provided by the first paragraph of Title 35, United 
States Code, § 112, X acknowledge the duty to disclose to the U.S. Patent and 
Trademark Office all information known to me to be material to the patentability of 
claims presented in this application in accordance with Title 37, Code of Federal 
Regulations, §1.56 (a) which became available between the filing date of the prior 
application (s) and the national or PCT international filing date of this application: 



PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR 
BENEFIT UNDER 35 U.S.C. 120: 



U.S. APPLICATIONS | 


STATUS 


(Check one) 


U.S. APPLICATION NUMBER | U.S. FILING DATE | 


PATENTED | 


PEND ING | ABANDONED 


08/169,522 | December 17, 1993 | 




XX | 


08/301,416 1 September 08, 1994 1 




XX 1 




PCT APPLICATIONS DESIGNATING THE U.S. 1 1 1 


PCT APPLICATION NO. 1 PCT FILING DATE l u - s * SERIAL NUMBER) 






1 1 ASSIGNED (if anv) 1 






PCT/US94/14614 (Dec. 19, 1994 | 08-/362,495 1 1 1 


1 1 1 1 1 



POWER OF ATTORNEY: as a named inventor, I hereby appoint the following attorneys 
to prosecute this application and transact all business in the 
Patent and Trademark Office connected therewith. 



FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNKR, Rag. No. 22,540; 

Douglas B. Henderson, Reg. No. 20,291; Ford F. Farabow, Jr., Reg. No. 20,630; 

Arthur S. Garrett, Reg. No. 20,338; Donald R. Dunner, Reg. No. 19,073; Brian G. 

Brunsvold, Reg. No. 22,593; Tipton D. Jennings, IV, Reg. No. 20,645; Jerry D. Voight, 

Reg. No. 23,020; Laurence R. Hefter, Reg. No. 20,827; Kenneth E. Payne, 

Reg. No. 23, 098; Herbert H. Mintz, Reg. No. 26,691; C. Larry O'Rourke, Reg. No. 26,014 

Albert J. Santorelli, Reg, No. 22,610; Michael C. Elmer, Reg. No. 25,857; 

Richard H. Smith, Reg. No. 20,609; Stephen L. Peterson, Reg. No. 26,325; John M. Romary, 

Reg. No. 26,331; Bruce C. Zotter, Reg. No. 27,680; Dennis P. O'Reilley, Reg. No. 27,932; 

Allen M. Sokal, Reg. No. 26,695; Robert D. Bajefsky, Reg. No. 25,387; Richard L. Stroup, 

Reg. No. 28,478; David W. Hill, Reg. No. 28,220; Thomas L. Irving, Reg. No. 28,619; 

Charles E. Lipsey, Reg. No. 28,165; Thomas W. Winland, Reg. No. 27,605; Basil J. Lewris, 

Reg. No. 28,810; Robert J. Gaybrick, Reg. No. 27,890; Martin I. Fuchs, Reg. No. 28,508 

E. Robert Yocfcfar, Reg. No. 30,120; Barry W. Graham, Reg. No. 29,924; Susan Haberman 

Griffen, Reg.- Ite. 30,907; Richard B. Racine, Reg. No. 30,415; Thomas H. Jenkins, 

Reg. No. 30,857; Robert E. Converse, Jr., Reg. No. 27,432; Clair X. Mullen, Jr., 

Reg. No. 20,348; Christopher P. Foley, Reg. No. 31,354; John C. Paul, Reg. No. 30,413; 

Roger D. Taylor, Reg. No. 28,992; David M. Kelly, Reg. No. 30,953; Kenneth J. Meyers, 

Reg. No. 25,146; Carol P. Einaudi, Reg. No. 32,220; Walter Y. Boyd, Jr., Reg. 

No. 31,738; Steven M. Anzalone. Reg. No. 32,095; M. Paul Barker, Reg. No. 32,013: 



Send Correspondence to: 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER 
1300 I Street, N.W. 
Washington, D.C. 20005-3315 



[Direct Telephone Calls to: 
j (name and telephone number) 
j M. Paul Barker 
(202) 408-4067 
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I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application or any patent 
issuing thereon. 



| FULL NAME 
|OF FIRST | 
| INVENTOR 


Toomas NEUMAN 






(residence & 
(citizenship ! 


CITY AND STATE OR CITY 
Fort Collins, Colorado 


AND FOREIGN COUNTRY 
80526 U.S.A. 


| COUNTRY OF 
| Estonia 


|POST OFFICE 
j ADDRESS 


500 West Prospect, 
Fort Collins, Colorado 


80526 U.S.A. 




| FIRST INVENTOR'S SIGNATURE 




| DATE 

1 / 

i * I T& 


| FULL NAME 
lOF SECOND 
j INVENTOR 


Kikuo SUDA 






[RESIDENCE & 
j CITIZENSHIP 


CITY AND STATE OR CITY 
Shizuoka 410-22, Japan 


AND FOREIGN COUNTRY 


(COUNTRY OF 
| Japan 

i 


|POST OFFICE 
| ADDRESS 


31-2 Amano Yamashita-Jutaku, Izunagaoka-cho, 
Shizuoka 410-22, Japan 


Tagata-gun, 


| SECOND INVENTOR'S SIGNATURE 




(DATE 

1 
| 


[FULL NAME 
j OF THIRD 
j INVENTOR 


Howard O. NORNES 






| RESIDENCE & 
| CITIZENSHIP 


[CITY AND STATE OR CITY 
Fort Collins , Colorado 


AND FOREIGN COUNTRY 
80525 U.S.A. 


(COUNTRY OF 
j CITIZENSHIP 
[United States of 
| America 

i 


|POST OFFICE 
j ADDRESS 

i 


|1808 Busch Court, 
|Fort Collins, Colorado 


80525 U.S.A. 





i, 



THIRD INVENTOR' SL, SIGNATURE 



I DATE . . 

\ yw 
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As a below jiamed inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) 
or an original, first and joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent is sought on the invention 
entitled: 

METHOD FOR INDUCING DNA SYNTHESIS IN NEURONS 



the specification of which: 
is attached hereto; or 

was filed as United States application Serial No. 08/362,495 

on January 10, 1995 and was amended 

on (if applicable) ; and 

was filed as PCT international application Number PCT/US94/14614 on 
December 19, 1994 and was amended under PCT Article 19 on 
(if applicable) . 

I hereby state that I have reviewed and understand the contents of the above- identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the U.S. Patent and Trademark Office 
information which is material to the patentability of claims presented in this 
application in accordance with Title 37, Code of Federal Regulations, §1.56 (a). 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of 
any foreign application (s) for patent or inventor's certificate or of any PCT 
international application (s) designating at least one country other than the United 
States of America listed below and have also identified below any foreign application <s) 
for patent or inventor's certificate or any PCT international application (s) designating 
at least one country other than the United States of America filed by me on the same 
subject matter having a filing date before that of the application (s) of which priority 
is claimed: 



PRIOR FOREIGN/ PCT APPLICATION (S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. 119: 



COUNTRY 
(if PCT, indicate PCT) 



APPLICATION NUMBER 



DATE OF FILING 
(day, month, year) 



PRIORITY CLAIMED 
UNDER 35 USC 119 



Yes 
Yes 



Yes 



Yes 



Yes 



Yes 



No 



No 



No 



No 



No 



No 
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I hereby claim the benefit under Title 35, United States Code, §120 of any United 
States application (s) or PCT international application (s) designating the United 
States of America that is/are listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in that/those prior 
application (s) in the manner provided by the first paragraph of Title 35, United 
States Code, § 112, I acknowledge the duty to disclose to the U.S. Patent and 
Trademark Office all information known to me to be material to the patentability of 
claims presented in this application in accordance with Title 37, Code of Federal 
Regulations, §1.56 (a) which became available between the filing date of the prior 
application (s) and the national or PCT international filing date of this application: 



PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR 
BENEFIT UNDER 35 U.S.C. 120: 





U.S. APPLICATIONS | 


STATUS (Check one) | 




U.S. APPLICATION NUMBER | U.S. FILING DATE | 


PATENTED | PENDING | ABANDONED | 




08/169.522 | December 17, 1993 | 


i XX 1 ( 




08/301,416 | September 08, 1994 | 


1 XX 1 j 




1 1 






PCT APPLICATIONS DESIGNATING THE U.S. | 






PCT APPLICATION NO. 1 PCT FILING DATE l u -S. SERIAL NUMBER | 

| | ASSIGNED (if anv) | 






PCT/US94/14614 | Dec . 19. 1994 | 08/362,495 | 






1 1 1 






POWER OF ATTORNEY: as a named inventor, I hereby appoint 
to prosecute this application and transact all business 


the following attorneys j 
in the | 



Patent and Trademark Office connected therewith. 



FINNEGAN, HENDERSON, FARABOW/ GARRETT & DONNER, Reg. No. 22,540; 

Douglas B. Henderson, Reg. No. 20,291; Ford F. Farabow, Jr., Reg. No. 20,630; 

Arthur S. Garrett, Reg. No. 20,338; Donald R. Dunner, Reg. No. 19,073; Brian G. 

Brunsvold, Reg. No. 22,593; Tipton D. Jennings, IV, Reg. No. 20,645; Jerry D. Voight, 

Reg. No. 23,020; Laurence R. Hefter, Reg. No. 20,827; Kenneth E. Payne, 

Reg. No. 23, 098; Herbert H. Mintz, Reg. No. 26,691; C. Larry O'Rourke, Reg. No. 26,014 

Albert J. Santorelli, Reg. No. 22,610; Michael C. Elmer, Reg. No. 25,857; 

Richard H. Smith, Reg. No. 20,609; Stephen L. Peterson, Reg. No. 26,325; John M. Romary, 

Reg. No. 26,331; Bruce C. Zotter, Reg. No. 27,680; Dennis P. O'Reilley, Reg. No. 27,932; 

Allen M. Sokal, Reg. No. 26,695; Robert D. Bajefsky, Reg. No. 25,387; Richard L. Stroup, 

Reg. No. 28,478; David W. Hill, Reg. No. 28,220; Thomas L. Irving, Reg. No. 28,619; 

Charles E. Lipsey, Reg. No. 28,165; Thomas W. Winland, Reg. No. 27,605; Basil J. Lewris, 

Reg. No. 28,818; Robert J. Gaybrick, Reg. No. 27,890; Martin I. Fuchs, Reg. No. 28,508 

E. Robert Yoches, Reg. No. 30,120; Barry W. Graham, Reg. No. 29,924; Susan Haberman 

Griffen, Reg. No. 30,907; Richard B. Racine, Reg. No. 30,415; Thomas H. Jenkins, 

Reg. No. 30,857; Robert E. Converse, Jr., Reg. No. 27,432; Clair X. Mullen, Jr., 

Reg. No. 20,348; Christopher P. Foley, Reg. No. 31,354; John C. Paul, Reg. No. 30,413; 

Roger D. Taylor, Reg. No. 28,992; David M. Kelly, Reg. No. 30,953; Kenneth J. Meyers, 

Reg. No. 25,146; Carol P. Einaudi, Reg. No. 32,220; Walter Y. Boyd, Jr., Reg. 

No. 31,738; Steven M. Anzalone, Reg. No. 32,095; M. Paul Barker, Reg. No. 32,013: 



Send Correspondence to: [Direct Telephone Calls to: 
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER j (name and telephone number) 
1300 I Street, N.W. j M. Paul Barker 
Washington, D.C. 20005-3315 j (202) 408-4067 
I 
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I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and ~£he like so made are punishable by fine or imprisonment, or both, 
under section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application or any patent 
issuing thereon. 



FULL NAME 
OF FIRST 
INVENTOR 



Toomas NEUMAN 



RESIDENCE & 
CITIZENSHIP 



CITY AND STATE OR CITY AND FOREIGN COUNTRY 
Fort Collins, Colorado 80526 U.S.A. 



I COUNTRY OF 
j CITIZENSHIP 
I Estonia 



POST OFFICE 
ADDRESS 



500 West Prospect, 

Fort Collins, Colorado 80526 U.S.A. 



FIRST INVENTOR'S SIGNATURE 



DATE 



FULL NAME 
OF SECOND 
INVENTOR 



Kikuo SUDA 



RESIDENCE & 
CITIZENSHIP 



CITY AND STATE OR CITY AND FOREIGN COUNTRY 



Shizuoka 410-22, Japan 



(COUNTRY OF 
| CITIZENSHIP 
| Japan 



POST OFFICE 
ADDRESS 



31-2 Amano Yamashita- Jutaku, Izunagaoka-cho, Tagata-gun, 
Shizuoka 410-22, Japan 



SECOND INVENTOR'S SIGNATURE 



DATE 



FULL NAME 
OF THIRD 
INVENTOR 



Howard O. NORNES 



RESIDENCE & 
CITIZENSHIP 



CITY AND STATE OR CITY AND FOREIGN COUNTRY 
Fort Collins, Colorado 80525 U.S.A. 



| COUNTRY OF 
j CITIZENSHIP 
| United States of 
i America 



POST OFFICE 
ADDRESS 



1808 Busch Court, 

Fort Collins, Colorado 80525 U.S.A. 



THIRD INVENTOR'S SIGNATURE 



DATE 



Listing of Inventors Continued on attached page{s) / /Yes 



/X /No 



Page 3 of 3 



